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CHAPTER, I. 

JtfEANING AND SCOPE OF INDUO:jION. ' 

1. Induction is tlie arriving at General Propositions, by 

means of Observation or Fact. • 

• 

In ail Induction, thcfc arc thrc« essentials:—(1) tbo insult 
be a —an affirmation of concnrronce jr non¬ 

concurrence—as opposed to a Notion: (2) |he Pro^sition 
must be tjeneral, or applicable to all cases of a given ^ind: (3) 
the mcohod must be an appeal to observation or Fact. 

(1) By Induction, we arrtve at Profositions ,—Affirmations 
of Qoincidence or non-coincidence of tlistinct properties; we 
have to do, not with verbal, but with Real Pretlication. I’hat 
‘ The boiling temperature destroys animal life,* is ai^indugtiou 
so far as being a proposition, affirmatiofl, or real predication ; 
there are t\9o distinct facts—doiliug heat, and destruction of 
animal life—and these tif^ facts are coupled in an affirmation 
of coincidence. • , 

To this essential of ^jiduction, aro opposed the caSes where - 
what we arrive at is a Notion or Definition. Sometimes we 
aro liable to confound the two. This happens wher» we i#l?e 
attending too cxolusivelj- to theftecond characteristic of Induc¬ 
tion— generality. In the process of defining, we generalize a 
number of individuals, so as to obtain and express their point 
or points of community, which expressed community is a De¬ 
finition «i; Notion ; as Heat,* Knowledge. Justice. If sucl^* 
definttions, or expressed general notions, are absolutely limited 
to one indivisible fact or attribute, they are by tffat circunv- 
^tauce decisively contrasted with inductions,<|which always join 
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A more ambitious form of tlie Inductive ^yJlogism is given by 
Aldrich and Whatcly, whi^Ji trenches on Induction propeij, 

The ningnets that I have observed, together with those that I 
• have^nut ohsorved, atlract iron. * 

’ These magnets, are all magnets. , 

‘ All magnsits attrfict iron. ‘ 

The niajor hero obviously assumes fhe vefy poinj to be esjab- 
lished, aiui makes the iiidiictive leap.* l^o formal logician is entitled 
to Jay down a jjiehiise of this nature. The process altogether 4 
trausccndasyli igism or formal logic. , . . * . 

In no sonsp is the ludnctive yyllogism an admissible logical 
form. . * , • 

A truly iuductivo Pro])osition may be but a narrow genera¬ 
lity. That ‘ tlie'"’breeze ahva^^s spreads the royal flag hoisted 
at Wlfidsor Castle ’ is n proper induction ; it covers the unseen 
a’rid tlte future as well as the seen. ^JMio still wider induction, 

‘ the breeze sj/^vads all tlio flags of all nations,’ is*not more 
esseniially inductive, although of more vh.lue as knowledge. 

(d) All Iluhi>t;tivo Proposition is based on the observation 
t)f facts. Maiiyktrue projiositions, inslciul of being based on 
a dii'tsct appeal to obsevvati(j«i, arc derived from other propo- 
sitiouTs ; such are, with a few exceptions, tlie«propositions^ (if 
Mathei^aties, and many truths in all tlm other sciences. In 
this viow,Unductioii is conti’a.stod with Deduction. Induction 
is necessarily the prior source of k’liths ; the Deductive pro- 
]iositions ai’c obtained from Inductions. We must commence 
with observation of fact, and tliciico rise ti^ Inductive goye- 
ralitics, before vve can proceed downwards in the way of 
deduction, j, - 

Hy^tlietisc of our ollSierving faeu)tie« for the object world,* 
and of s(;lf-consciousness for t h^mimi, we "not mei’ely obtain 
our notions of things—^stars, niouutqiPis, trees, men, pleasures 
—but also disciym the conjunctions or connexions of things. 

- A single cenjunetioii excites little noiic;p, but an iterated con¬ 
junction awakens onr fooling of identity ; we attend to the 
cittnnnskincc, and watch for tlvo reouwSiKie. If, in the midst of 
tlntttnation, sonib one couple o% things«is found always associ¬ 
ated, we slate the fact to ourselves as a na^urabconjunction, a 
law of nature ; and the statement is an inductive proposition. 

A meteor flashing along the sky is an isolated circumstaime ? 
•ye term it casual or accidental *The recurrence of, a stream 
of meteors year after year, in the same month, is a coincidence, 
wjiich we etovate into an induction, afiirming it for the future 
as well as for the jyst, * 

The semblance of Induction is put on*by certain operatiojis 
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^Mvely^Deductive. ,Of these Inductions improperly so called, 
two lb»ms may bo mentioned. • * 

First. There is a CQjf’tain likeness to Irfduction iu the demon¬ 
strations of Euclid ; which are each inaMo upon an exemplary 
tliagram, an(^ thciico elci^nded to all similA’ instaTuces* by what 
is Vbvmed parity ^fmTeasornng. 

tVhen Euclid proves tlfaii the angles at the base o#ai>isos¬ 
celes triaifgle ace equal, he proves it upofi a single diagram, 
and rdfets the general proposition upon the circijmstance that 
the same result would bo arrived at in every other case of the 
same sort, ^’he resembh^iice to Induction lies'in .extending 
what is found in one instance to all other instances. Yet thg 
resemblance fails on vital pointy • 

In reality, such truths are not established by measuri^ig the 
particular diagram, and recording that measure as an observed 
fact, to b'fe taken with other facts similarly observed, in mak¬ 
ing up a gcn('ral rule» *as if we were, by moans of d!h induction 
from I ho pyr.imkls, to lay down a general la\’» of pyramid ical 
structure. The only use ni ide of the figurp is to provide » 
concrete reference in .applying ^ho yeneml langnago of the , 
demonstration.* One triangle is as good fis another fSr the 
put’pose. We expressly omit from the reasoning all il^fereiice 
to the size of the triangle, to its material, tf) the Size of the 
angle included by the twQ equal sides ; consequently, our 
proof is independent of any one of tli^^se elements, and holds 
under all variations of each. The demonstration is to the 
erfect that, quoad isosceles triangle, the affirmation is true; it 
is a perfectly general truth. The expression* ‘ the same miyht 
*he proved of any othei; i.soscelcs triangle,’ would %€ idl8 and 
superfluous; the flRct is ahvaliy proved of every such triangle. 

Secondly. The term Siidnction has been improperly applied 
to discoveries of identijicaiion to establish n minor —a purely 
deductive operation. * • * ^ 

When Kepler, after comparing a great many positions of 
Mars, came to the qpacbision that all these places l|^iy in,«,n 
ellipse of certain din]f)nsions,^ie made an advance fronigthe ‘ 
known to the.uiilfnown, which is one criterion of*induction. 
Without a.ny liarther observations, it was possible to assign 
.the place of the planet at any moment of time throughout 
the entire circuit Yet, mojliwithstancling this remarkable 
peojiliarily, the case is not an induction. It is, in fact, ti 
deduction. We might term it a discovery of identification to 
establish a minor. * ^ * 

Supposing that, in^ho time of Kepler, tBo geometidcal pro- 



6 MEANING AND SCOPE OP INDUOTiJON* 

« 

positions of the ellipse had been still undiscovered, ho could 
not have established his law, nor applied it to fill in the inter¬ 
mediate places of the planet. What he Really discovered was 
an iJeniity between the scries of observed positions of Mars 
and ^he path of an bllipso with the si^n'in tlje fopus. It wa^ 
by the* help of tfie known properties of the ellipse that he mtido 
tlys identity. The identity once ^stKbli.shcd, any or all of tho^ 
propositions of tlio ellipse could be appliec^ to the orbit of < 
Mars, an<^ by^jbese the orbit could be ^s it were drawii, so as 
to show the fjUCccHsivc positions of Mars as he desci'ibed his 
circuit. Thdre could have been ^ no inferencq from places 
pbserved, to placifs unobserved, except through the application 
of those* laws reftpecting- thf^ ellipse, which ha'’ been dis¬ 
covered by the Greek geometers. 'J’ho propositioUt of the 
ollipsCjSupplied the major premise of the reusoniug*. Kepler’s 
observations sinjiplied the minor premise ; they slidwed that 
the placo.5 •cjf Mars coincided with thd places in an ellipse; 
whereupon’w'htybevcr was true of the ellipse .was true of the 
erbit of Mars. ^ 

Similar instances of disco\ 4 crics of Doduction could be cited. 
Wlieif after the inductive establishment q£ the laws of 
magiiet^m upon Iron, other substances were discovered to 
be magnetic as •Nickel, Cobalt, Manganese, Chromium, &c., 
the magnetic laws were forthwitlk transferred dednctively to 
these bodies. Fj-ankliv’s great discovery of the identity of 
lightning and electricity, enabled all the previously ascertaii\ed 
facts regarding electricity to be applied to tbe atmosj)heric 
charge. ^ « 

In conti’ast to the law of the elliptic orbits, we may quote' 
Kepler’s third law—the relatioA of tho periodic times to the 
mean distances, an inchiction in the |^’oper sense of the word. 
There is still a mathematical clement pi-esent, but that element 
^is not‘the fyajor proposition, to which Kepler supplied a minor. 
The numerical ratio merely expresses the point of concurrence 
of»the particulars ohscM’ved, it being# nature of that con- 
* cnmeuce to bo numerical. Th% basis o£ the induction was the 
agrcemenfc*of the six planets in the numerical mtio; and the 
induction was brought out in its real character, when new 
planets were discovered and the law applied to them at oivie,* 
^nd before there was time to observe the fact in each«indivi- 
clhal case. ’ , 

Of a simifer nature to Kepler’s third law !s the law of*the 
retraction of light, a proper induction set in mathematical lan¬ 
guage. From a number of positions ,ol^ tho incident and rp- 
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fracted^rays of*]ig|jt in vai’ious substances, Snell found that 
the relation of the two could be Expressed Iby^a definite 
^numerical proportion^of the sines of the Angles, the proportion 
being constant for the same transparent medkim. Me ,had 
tfbserved the gelation id % number of cases,*and hb inductively 
affiilned it in all.^ • * * 

In like manner the estc^lishment of the law of grfffvifcatictfi 
►was an indflctioi%numerically expressed. 

2. The sole raethod'of attaining ^Inductive*truflis b«ng 
,the observation and the comparison of particulars, the sole 
evidence for Such truths iS UaiversaX.Agre^iiient * ^ 

A permanent or uniform concurrence can <be established, in 
the last resort, only by the observation of its uniformity^ That 
unsupported bodies fall to the ground, is a conjunction sug¬ 
gested hf the observation of mankind, and proved by the 
unanimity of all observers in all times and places? • What is 
found true, wheiiever wo have been able to caijiy our observa¬ 
tions, is to be accepted as universally true, unj^il exceptions are* 
discovered. This is ^ upply the Universal Postulatef^ the 
jjrimary assnmji^ion at the root of all knowledge beyonfl the 
present—that what has never been contradicted (after sufficient 
search) is to be received as true. • ^ 

Through this method aloyc—of Universal Agreement in de¬ 
tail—can cur most general and fundamental truths be dis¬ 
covered and proved. It is the only pro2)er Inductive Method, 
lly it are established the Axioms of Mathematics, the Axioms 
of the Syllogism, the Law of Gravity, tlie Law of Causation or 
*of Conservation. Likewise on it we depend for fbo prSof of 
all unifonftilics thtlt, although not ultimate, arc for the time 
unresolved into higher u*ifoimiitics ; oi*what are termed Empi¬ 
rical Laws. 



, CHAPTER JI. 

• * 

THE GllOUNf) OF INDUOTIOIT—UKirORMiTT OP 
NATURE—LAWS OF NATURE. 

1. As'Induqfion proper infera from the known to the' 
Unknown ; it n?surnes that, under certain circumstances 
(to be specified}, what has been will be. The same tlung 
is otfjerwise expressed by airirmiiig that Nature is Lni- 
fonn ; that there are Laws of Nature. 

This great foundation of all possible” inference is stated in 
many forms of language. ‘ Nature repeats itseltf ‘ the future 
will resemble the past,’ ‘ the absent is like the present.’ ‘ the 
Universe is governed by LaWs.’ In one great department, it 
is named Causation, or the Law of Cause and Etfect. , ’’ 

Tlic'^ prinoiph^ is put in another light by the remark of Mr. 
J^lill that‘the Uniformity of Nature is the ultimate major i)remisG 
of every inductive infcvonec. 'To prove that the jiresont 
geuoralioii of men \A11 die, we‘may construct a syllogism 
thus :— major —wliat has been in the past will continue 
(under given circumstances) ; vuuor —men have died in the 
past; coijiiufiion —men will continue to die. 

Nature is not uniform in all things.* One day agrrees wit^ 
another in part, ant^ dilFors m part. Unman oeings are 
born with a eevtain amount of wuformiiy, and also with 
a ceiiaiu amount of ditfercueo. The law of uniformity, there¬ 
fore, Tioedk to bo limited and qualified.. 

he worhl Bot a 
are dejartmeii^s of 
lire radicl^lly distinct. • 

The most pointed illustration of this Statement is the 
Classification of the Sciences. Although, in early ages, men’fe 
imiuds were strongly prepossessed with a supposed C^nity of 
Nature, now recognize a plurality of distinct kirifls of 
phonomoiia, each kind having its £)wn separate princj^lSs or 
laws. Thus, the ^acts and principles of Number are studiedt 
apart from the facts and principles of Life. 


Uniformity, hut 
uniformity, which 


‘^.2. T^e course of 1 
Uiuiformitm. « '^I’liere 
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The plyrase * Laws •of Nature' may be understqpd to imply 
(1) that Nature is uniform, and (2) that ^his unifomity is a 
plurality and not a uni<by. There are separate departments, 
•each with its own uniformities or laws, ^hat unsupported 
bodies fall to tlie grt)und, that fire is quenched hiy water, that 
men pursue plq^su»e-^are s^id to be lawsrf)f nature ; th^ are, 
however, gencrioally difier^t^aws, and are distributed under^ 
^stinct branches (Jr departments of Science 8r Knowledge. 

The word ‘ Law ’ is a metaphor taken from huiflan society, 
^where it supposes the relationship namfed authority;and obedi¬ 
ence. Seeing tJiat in all weltconstituted societies, the^decrces 
emanating from the sovereign authority are.alil^d binding upon 
all citizens, in all times and places,•they have the characteristic 
of uniformity ; and it is on this characteristic alone, that ‘ law ’ 
can be employed to signify the order of the natural wcrld. 
The full definition of a lay is inapplicable to physiflM sequences. 
The likeness fails in tliS essential point. In human authority, 
a certain beneficidl result is aimed at by rules t)f conaucb on 
the part of the subjects of the state ; which corid«ict is enforced 
by a penalty or punishnftint; and fltie peu.alty is directed yith 
precision upon tlfe wrong doer. In the order of tho prorld, 
on the contrary, a m.an conforming to the phy.^cal sqqimuces 
is safe, whatever bo the extent of his violations of rn«ral Jaw. 
Night exposure may ho mor^injurious to tho polieernan than 
to the tliief; immunit}’- is purchased not by virtuous conduct 
as I’fcgards others, but by prudential care as regards self. 

3. The term * Law of Nature ’ is someti 416.5 used in a 
iftore restricted sense, to express tlie 4iigliest geifoi'aliltes, 
or ultimate•uuiforrrtities of nifture. 

There being a constant*«vish to discov'^er, not merely laws 
that shall be true, but laws of the highest and n*ost command¬ 
ing generality, such iaw’S arc more emphatically termed 
‘ Th& Laws of Nature the most centralized and all-compre¬ 
hending expressions t)f fho order of nature. This mofe 
imposing character *app?jars to belong to the law of ^Gravity, 
and to the pi’inciple named ‘ The Conservation of Force.’ 

,4.^ As regards Logical Method, the general Uniformity 
of nature may be distributed#under three branehes, already 
expr^ssea'in the ultimate classification of Propositions—* 
Co-EXISTENCK (as Co-iuherence of Attributes), OitusATiON^ 
^nd Equality. * - 

The three great relAipnships found capable of embracing 
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THE GUOUilD OF INDUCnC^.' 

all propositions were stated to be ( 1 ) tjo-exist^nce, (2) 
Sequence (3) EqualitJ^ and Inequality (Number and Quan¬ 
tity). Under Co-exisfence was included Order in Place, an^ 
Co-lNHEEiNG*ATTj^iiBUTER; the first—Order in Place, being, 
resglvable in^o laws of Quantity. Under fieqq^nce or SuccBs- 
siou was includcd’O^er in Time arjd CAcrawiaoN; the first-i^med 
•belbg*also a purely numerical relationship.. The third rela¬ 
tionship, Equality and Inequality, is the banis of Mathematici^ 
tljp science^f Q[J\ntity and Number^ * 

Thus th^ three distinct heads of scientific investigation^ 
comprising all the uniformities (g* laws of nature, are Unifoi^’* 
mities of Co’eMstenpe^ Uniformities of Succession {Causation^, 
Uniformities of JtJqualHy ami Inequality. These are the three 
cases that Induction has to deal with. 

In the actual working of Induction, we find it to be almost 
entirely absft-bcd with the second ho^d— Causation. 

Besides that there are very few gcfieral laws of pure Co¬ 
existence, Catl'sation is singular in providing a comprehensive 
Uniformity, which may be appealed to deductively, for all 
cashs. The uniformitie.s* of Co«exibtence (independent of 
OauRf^tion) can be proved only piece-meal; f'ach stands Qn^its 
own evidence ^)f observation in the detail; no one assists us 
to proV(<3 another. There is thus a blankness of resources 
in regard to the proper laws of* Co-existenco ; their Logic is 
speedily exhausted. * • 

The same defect, strange as it may sound, attaches tq the 
uniformitie.s of Qiianliti/ —based on the relations of Equality 
and Tnc(|iiality^ The certainty of the mathematical axioms is 
a cijrtainty due to their easy and thorough verification one Ijy 
one; not to their falling unde*’ any uniformity ifiore compre¬ 
hensive* than themselves. It is ‘ Agreement through all 
Nature ’ that.wo prove that ‘ Things equal to the same thing 
areequi^;' having found this fact ^Iways true, never false 
we extend it, by the Inductive hazard, to all cases whatsoever! 

^0 r^ieut the operation upon th^dtLer great axiom_‘The 

^ms of equaTs are equal.’ •We must proceed, in the same 
method of detail, to all other axioms—as the dictum of the 
syllogism, the axiom a fortiori, &c. • 

Tlie extended machinery of Inductive research, constituting 
the Logic or Method of Inducfion, is thus nearly .cinfined to 
Causatiom The greatest resources for eliminating acciflental 
^ccompaniments and for seizing the real coucomitantes of 
facts—the so-cal|pd ‘ Experimental Methods’—have their full 
application only to Cause and Effect. * 



CIMJ’TER III. 

iNt)ircTiW ofb’ j::;o.bxistEnoe. 

_ • 

*1. Of‘tlnilbrniities of.Co-cxistcnce, a very le^ge.num- 
Ler may be traced to Causation. It* remains to be seen 
^fiether there be any not so*traceable. * • 

The numerous Co-exisiences of Order in 'Plaie, or tho. dis¬ 
tribution and arrangements of material objects throughout the 
Universe, are all the results of causation, starting from sofiie 
prior arrangements. Tho distribution of sea an^ laud, fho 
stratification of tho earfjjite crust, the existence of an«<i^mos- 
])hero, the distribution of the materials of the globe gendrally, 
—ai'e the result of natural agencies or forces, operating upon 
prior arrangements. Salt is found in the ocean,*because tlje 
wat^ has dissolve^ all accessible portions of it. The hea^y 
metalware found in deep rocks in consequence of their weight; 
the corrosible and combining metals occur in •ombirmtron ; 
and those that are reluctant tojeombine, occur nearly p'hre, as 
Platinum and Gold. , 

There are thus no independent laws of co-oxistence to be 
found'among uniformities of Order in Place. Wo must seek 
** for them, if there he any such, among Co-inheiiing, Attributes. 
It je possible that attributes or properties uqt connected i%cau9e 
and effect, may yet be*conjoined jpniforuily through all natufe. 
If so, they are likely to be found among ihe natural kinds— 
Minerals, Plants, Animals. • The conjunction of body and 
minH in man, and intlie animals, is to all appeafance «sucll a 
case as we are in quest of.* * 

2. It is the special pediiJiarity of the Natural Kinils to* 
cqnibine many attrib^ites* in unilpy of subject. ^lu them we* 
have the chief exemplification of co-inliering attiibutes; 
and they seem to furnish imiformities of co-existenco. 

Thus Gqjd unites a certain spepific gravity (19.3), crystal- 
lization*(cubical), tenacity, fusibility (melting point, 1200° C), 
colour and lustre (yellow), electrical conduction, atom* weight 
•(^6), coiAbiliing properties (rfeted on by aqa^ regia). These 
are eight leading attributes^that concur in ev-^ei^ piece of gold j 
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and uiTlcss we see cur way to derivkig some of .them from 
others,^we*must proifbunce them essentia^ essential or defining 
attributes of gold* I’hero is a co-cxi^toiice, or co-inherency of 
thefie eigb# facts, with others, in the object named gold. > 

To a}){»earau?e there is here ik unifo^njitji of co-existence, 
l/o specimen of gold is devoid of any of^he eight^roper- ^ 
ties* Properly speaking, }iowK?\^r, this is merely affirming an * 
identical propd^itiou. Should there occu» a specimen wanting 
jn one, t\»o, or three of the eight, v^e should say not that a law 
of co-existence was infringed, but that a difterout substance 
was fji'oduccd. If these be the ^sential attributes of gold—fhe 
meaning or Connotation of the name, then, on the failure of any 
one or more, Ihe name woiild cease to be applied, the substance 
wj^uld not be ranked as gold, it would be classed as a new and 
dirtinct substance. Gold with the specific gravity of 9, or 
with a sili^Liry colour, or with a liability to eorroTle, would not 
ho gCld, it would be treated as a diffi?ront material, a distinct 
groujping oi*. aggregate of powers and pr(?f)erties. If there be 
any (uio of the now enumerated properties of gold that we 
cNmld see changed and yet keep np-the designation gold, that 
])V()perty is declared not to be the essenct, but a concprliifant 
of gold. A jproper i nduct ive enquiry would hold in such a easo^ 

3. For a Law or Uiiiforniity of Co-oxisteiicc, properly 
so called, we must refer to, exam])les, if such tlieie be, 
w'here two or more inde])eiideijt propertit'S are conjoined 
tlirongli all nature, or in all substances wJiere one of them 
occurs. , 

^ We must soarclf' among the properties of kinds—mineral, 
vegetable, and animal, for sdme that are coupled throughout 
every species, and'nnder every ^ariety of aggregation. For 
example, cquld we find a certain ciystallino form regularly 
coiijoilked with certain chemical characters, not in one sul> 
stance only, but in all substances possessing that crystal¬ 
lization,—this would be a propei'^lHw^ir uniformity of co-cxist- 
ence. Thei% would still racnain a*question, often difficult to 
settle—whether, on the one hand, the two are mutuall}’' im¬ 
plicated properties, or, on the other hand, whether they are 
connected by cause and effect. . • 

To detect such uniformities of general co-existence, among 
the essential properties of mineral bodies, whether simple or ' 
compontid, is a proper object of scientific enquh'y.^ iiTor has 
it been neglected by physical enquirers. The following %ro 
the leading examples obtained up to*tho present time. . 
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(1) A law has ^b%eii ^discovered connecting Atomic Weight 

and Specifec Heat by an inverse proijortion."* "For (B(][ual 
weights of Ite simple bodies, the atomic weight, mnUipHcd by 
^ number expressing the specific lieat, giv^ a ne{«rly unifonp 
product. Thus, for ^ulphur, the atomic weight (32), multi¬ 
plied by the specific t)oat (0.1770), gives 5.08;* the atomic 
weight of platAum (lfi7), Ai^ltiplied by* its specific 4ieat, 
•((b0324), gives 6,3^ The products for all tlio elements are 
n(?ar tlie (Jpiistant number 6. ^ 

(2) A law obtains between the Spgsific.Gravity of substances 

if)«the gaseous staj^e and the A^jnic VYeights. Tims, tlic sj^jccific 
gravity of oxygen is IG, its atomic weight 16; hydrogen, 
specific gravity 1, atomic weighty 1; phbsplforus, specific 
gravity 02, atomic weight 31 (the relation here is 2 to ; 
steam, specific gravity U, atomic weight 18 (relation of 1 to,2). 
The relationfliip of the two numbci’S is thus, in sora# instances, 
ccpiality ; in other inshiflces, the one is a multi[)le'^^' the 
other. The law isiono of importance in ascertamiiig OTomic 
weights. ^ 

AVitli an exception to b^iioiiced pi^Dsently, these are perhaps 
the ipwo most wideljj-operating laws, as yet discovered, whereoy 
two distinct properties are conjoined throughout subs.tayces 
generally. There are various laws of narrower fange,,as, for 
exann)lo, Andrews’s laws of Uie heat of combination of the 
metals. • # 

4. A peculiar importance belongs to the Jaw of universal 
iCo-oxisteiice uniting llio two properties —^Inertia and 
G navitv . These pioperties are co-existent tlirodj^h all 
matter niid iwo[)orti(Miate*in th<*ir amount. 

Inertia, tlio defining attriiiuto of niattcr/ means both resist¬ 
ance to movement, and force when moved. It is totally dis¬ 
tinct from gravity. A body rolled on a level surface shows its 
inertia; so also do two weights equipoised, as in the beautiful 
experiments of Attwood, ».^ow, all inert matter gravitates;'' 
and tlie force of gravitation is proportional tc» the inertia. > 
Equal weights, (wliicH are the estimate of gravity), are equally 
resisting to a fiorizeutal impulse (the measuro of inertia) or to 
a vertical impulse in the balanced condition. 

It caiinq^i be maintained that those properties are mutually 
irnplicjg;ed. * We can easily suppose matter (considered as'. 
inert) without the property of distant mutual attraction, or 
•gravitation ; this last property may be fairly yiewed as added 
to, or. superinduced upoiv-mero inertia. Nor ’6an we call the 
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two eitHer cause and effect, or effects o/ a copimon cause; our 
knowledge'does not entitle us to make either supposition. We 
can prove cause And effect only bt exhibiting first a cause, 
and*then jfn effect flowing from it.* Here the two facts op 
properties are iiffeepai'able. • * • • * 

1'liero is Jlo other equally unambiguqps,instance of aPlaw of 
uiiivirsal co-cxisfcence. The* examples a^jofo quoted with ' 

reference to thme properties—specific gravity tn the gaseous’ 
state, atouaic weight, and specific hgat—may, for aii'Jthing 
fenow, bo jnntnaily iwipUcatcd, or related as cause and effect. 
If we jindbrstood more thorouf^hly the nltiip^te arrangomorft 
of the atoms «)f bodies, and their intostino motions, we might 
not ifnprobabl^ find that %omo one fuudamenfal property was 
at /lie foundation of all the three ;—a real essence, of which 
these arc but pro^nVa. As regards many of the minor laws, 
the exislcjitje of cither implication or causation is*more than a 
mere li^rmise. ^ s 

Uiirlei* such circumstances wo are entitled to conclude that 
uniformities pf general co-existonee are very rare. The pre- 
sirmption or probability (^iltbough i,'ot tlio certainty) in every 
ndw case ot uniformity is that it is a ease causation and not 
of cjl-exisionec. Thus, the conjunction of Mind and Body may 
bo a qp-oxistcnco independent of causation, like inertia and 
gravity ; but it may also follow the more prevailing type, and 
be a case of cause wnd effect. - Which is cause and which 
effect, or whether they arc effects of a common cause, may bo 
open to dispute. 

« 5. The oiily pro,of of Uuiforniitiiis of Co-existeiice fjI 
kiiowii to depend on causation, is u,ncontradicted Agree- 
iiioiit tliroiigh all lyitiire. 

This is tliQ proof of the Law of Causation itself. Now any 
uniforiftity not coming under causation must stand on its 
own independent evidence ; and fins evidence is uniform 
‘«gree*nent throughout the whoieP qpmpass of observation. 

must fiuti it true in alb times, all places, and all circum- 
stances ; and provided our search has been s« extensive, that if 
there were any exceptions we should lightnipon them, and no 
exceptions have been found, we are entitled to declare it a law 
of all nature. . • ^ 

The coincidence of gravity with inertia has been prowd over 
, the entift globe ; it applies undoubtedly to the solar system ; 
and by very streng analogy to the distant stars. 'TiSis, thel;fi^ 
tore, may be held to be an established finiformity of co-ezistence* 
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CONqpMITANT PROPERTIES OF KINDS. 

Tlio alliance of mipd with a bodily mechanism'extends 
tb rough oift the whole of animal life, past and present. 

The co-existences above mentioned regarding the 4 )roperties 
of gaseous specific gra\aty, atomic weighf, and specific heat, 
liaTO to be verified bjf the^Upthod of AgreemeSt thrcrlighout all 
bodies# We cafinot, ^s in cause and effect, preshme frorn a 

small ft umber tft airtho restf . “ « 

• 

r6. Th(i special ^coincidences making up the ^Natural 
Kinds must also be verified by Agreeinent over *lhe'wliolS 
field of instances. ’ 

We have already remarked that an exceptj^n to a kind, 
ai’ising from the failure of an essenk'al propert^?^, would not be 
the infringement of a uniformity, but Hie setting up of a new 
kind. The oul^^ case for proving a co-existoiico would bo the 
case of cuncoviitant properties, or those not adoptAl i^o the 
essence or connotation oF^lie kind. Of such a oliaracteilis the 
blackness of the crow, the whiteness of tho swaft, and varia¬ 
tions of colour generally -, a point seldom treated as essential, 
whether in minerals, planets, or animals. Now the sole prqcif 
that»‘|very crow is»black,’ is observation through all I^atprc; 
so long as no other colour is seen, we affirm the ^encri^l pro- 
position ; the occurrence of various albinos has disproved the 
generality, and reduced it to an appro.\;imate generalization, of 
a very high order of probability. » 


CHAPTER IV. 

LAW 9F CAUSATION. 

1, The Uniformitie® oT“Succession presented in nature'’’ 
are subject to one grgat finiformfty—the law oT Causation.® 

The law may bo,expressed thus ;—In every change, there ' 
is uniformity of connexion between the antecedents and the 
consequents. 3 

No f^ngfe'expression sums up all that is implied in Cause 
and Effect. When it is said, ‘Every efiect has a cause, and 
•every cadse'an effect, and thht the sequence^is regnlai*, the 
B&ae canses b^g always followed by the st^me effects,’ the 
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propositton is an identical statement; tlje ^ord ‘ Cause* means 
what brings about aa effect; and the word ‘Effect,’ what 
follows TrQin a cause. To avoid this objection, we may state 
the hiw as follows ‘ Every event tnat happens is definiteljr 
and anifocmly A)nnected with so^ pr^or event, or events, 
wEich hap^ning, it happens ; and '\yhich •failing, it fails.’ 
The kindling of a Ere follows je^larly on thff prior evEnts of 
making a heap of combustibles and applymg a kght. • ■ 

A law i^ more sharply stated by help ofits deniale. Cau^- 
fion denies two things. First, it denies pure spontaneity of 
^commenc^ient. If the law is'true, no chaise arises outo^ 
Vacuity or stillness ; there mus? bo some prior event, change, 
or niovemenf',%is a' sine qu^ non of the occun’enco of any new 
event. A fire never bursts out without some commencing 
cirgamstance, in the shape of movement, change, or activity. 

Sccondlj^ The law denies that events follow •one another 
irregi]^dy, indiscriminately, or ca{fl’icionsly. The same cir- 
cuinsmneos ^liat make a fire burst out to~day, will, if repeated, 
make it burst out to-morrow, or at any future time. The 
same pain, in the same gircumstan^es, does not at one time 
repel, and at another, attract and allure^us. In shorty the 
law^s the statement uniformity in the Succession of events. 

2. in Causation, the same cause always produces the 
same efleet; but the converge does not hold; the same 
effect is not alway^ produced* by the same cause. There 
may bo riurnlity of Causes. * 

^A severe Wow on a man’s head will always cause dea^»r 
bi^t ddith is not alw5iys caused by a .blow on the head. There 
are many causes of motion ; * and the pV'cscnce bf any one in 
the proper circumstflnoes, will alv^ys be followed by motion. 

y-'his is ai\ important limitation of the law, and has to be 
kept iitf.view in the investigation of causes. If a change has 
occuneJ, tlicro must have been a previous change, or ante- 
Ticedei^ fact, but not necessarily o»€f particular antecedent. 

‘3. The Pfurality of CaEses is Subject to uniformity in 
two respects: (1) the number of causey is fixed ; (2) the 
character of each is as definite as if it were the sole cau^e. 

The causes of death may •be numerous, but t|jey are all 
fixed and knowable; and, when known, may be counted on 
^ with certainty and precision. The fact of plurality renders 
' the causation an event ambiguous; there may oe several 
alternative antdeedsnts. Yet, these* antecedents being, once 
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• * ^ 

for ail, es^aastively known, we are sure that on^ of them is 

the operative circumstance in the case bhfore us. ^ 

It will bo pointed ou| afterwards that pfurality of causes is 
juore an incident of our imperfect knowledge tlihiii a lact in 
the* nature of tjjings* Al knowledge extends, wg find less^ of 
pluraljly. Tbe^uinerous apparent causes pf motion are diffur- 
eot only in superficial appeaTaace ; they are all one at bdltohi. 

• * • , • 

•4. Camsation may be viewed under three differefit aspects. 

(1) The first may be called the practical and popular aspect’ 

—a partial view suited to tke ordinary emergencies nf life.* 
Under "this aspect, the cause is some one ci^cumstaippe or 
condition demanding our solicitifde, as being precarious. 
Thus, when the soldier, on the eve of ah engagement, is urged 
to keep his,powder dry, this is not the whole cause of'his 
hitting the enemy ; it is^he circumstance that bdf)peM to be 
in peril at the time. * | 

(2) The second dbpect is the Scientific or comf>lete view of 

Q^usation. Under this view, all the conditions or antecedent 
circumstances are fully eifumerated.* ^ 

(5).A third asjlhct is Causation viewed *as embracing the 
modern generalization, entitled the Conservation ^r Cori^pl^ion 
of Force. . • 

CAUSATION PRACTICALLY VIEWED. 

5. iu common language, the Cause of an event is some 
circumstance selected from the assemblage of condi- 
n^iis, as being practically the turning peint at the fii4>meflt. 

A man sJipS his foot on a ladSer, falls, and is killed. The 
cause of the fatality is said*^o be the slipping ; for if this one 
circumstance had been prevented, the effect wauld not have 
happened. Yet, in order^to the result, many Jther conditions 
were necessary :—the weight of the body (gravity}, the height 
of the position (a certainwcmkication), the fragility of the bumaif 
frame. Yet, for praotical* purpo^fes, we leave oitt of sight a^ 
the moment all the elements that are independent of us and 
secure, taking notidb only of what is in onr power and needs our 
attention. By a common ellipsis, all arrangements that are 
fixed and •settled, are passed over in silence. We presume 
on the forces of heat and gravity, and devote our care to the 
choice tinyi shaping of the materials whereby these forces may 
*h# made to work out our ends. • 

When we speak of foofi! as the cause of animal strength, we 

2 
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euppose a j^iealthy constitafciou, able to digest aijd assind- 

late it. # But, iu tljis 'particular case, mankind long erred in 
ignorantly suppressing a condition |no less essential than 
food, naraeTy, the* oxygen of the ^atmosphere — the aerial 
eleMnent oP qjir food.* • • • , 

Language is adtkpted principaBy toHliis ii^ode of ^jewing 
caTisfiSiion. In the distinction* or agent and thing acted on, 
which pervades*the whole of grammar, and giveS the charac^r’ 
to the actif e verb, there is an arbitrary selection of one ciroum- 
'stance as C^nsc, other Equally indispensable circumstances bein^ 
werloeked. A prize ox is reaaed in a breed of cattle; fhe 
breedjer is by il^urtesy styled the cause or agent; but bis activity 
is ouly a single, although indispensable circumstance. A teacher 
instructs a pupil, and id credited as the cause or author of the 
pupil’s knowledge. A still more glaring ellipsig is practised 
in attijibuifng the issue of a war tq the commander-in-chief; 
as wlpn we speak of the conquests*of Alexander or Cmsar. 

‘ The monk fhat shook the world ’ is rhetofic for the agency of 
Luther. « 

«friie first attempt at a precise analysis of Causation was mad® by 
Aristej^. He enumerates fowr kinds of Causes. - the material, the 
ej^cient, and the final. The material cause is literally 
the matter used in any construction; marble or bronze is the 
i^tcriul of a statue. The /omial cause is the form, type, or 
pattern in the mind t)f the workman ; as, the idea or design con¬ 
ceived by the statnai’y. The formal cause of a building is the 
architect’s plan. The ejfident (jause is the power acting to produce 
the work, th^ manual energy and skill of the workman, or t^ 
m^ohaui^al prime mfvor, whether human power, wind, water,'^or 
stdhm. The filial cause is the epd, or motive on whoso account the 
work is produced —the subsistence, profit, or pleasure of the 
iirtificdT. ,, 

Aristotle gives the instance of a physician curing himself, as 
combinfkg all the four causes in one subject. 

•• * Whenever the existence or safety o| anything depends upon a or 

system of contyvances adapted to a commim end—which, together, are 
conditions necessary for its preservation —tlllcn t^e destruction, disturbance, 
or removal of one of these contrivances—the failurft of any part of this 
composite system of safeguards—is considered as the cofise of the ruin of 
the whole. For example, if the action of any one of the functions or organs 
necessary to human life is stopped^life is extinguished, and the^'dreum. 
stance producing that effect is said to be the cause of death.* So, if a shif 
springs a leak and sinks, or if au army is surprised through the rAsenoo of 
, a sentinel ^rom his post— the springing of the leak, and the absence of the 
sentinel, is said to ^e the cause of the loss of the ship and th4f surprise of 
tly army, ^Tho language by which such ai^ effect is commoidy a8cribed*to 
^merely negative cause is elliptical. (O' 0. Lkwis). 
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This analysis isr obviously taken from human industry, which 
contains the several circumstances mentioned.^ It throw%no light 
upon causation in the o|d6r of nature; while the attempts to 
express natural phenomena according to suefi a scheflie, havh l^d 
to distortions and umaeanilig conceptions, * • 

The first and secon^ causes give the celebrated ftigitinction* of 
Mattef and Forfh, wnich per><idea the wholeTof Aristotle’s |>hi}p- 
st^hy. The third,' the E&cient, has continued ii^ the language of 
seience; g better de^gnation for the meaning is Prime Mover, or 
Moving Power, The fourtib, the Final cause, is mofb perspici^ 
^usly expressed by Motive, End, Intention, PurpostJ Object or* 
ifesign; it applies to nature only personified, or as the work oL 
a personality. 

SCIENTIFIC CAlfSATION. 

6. Ill scientific investigations, the Cause must be regained 
as the entire aggregate of conditions or circumstances re¬ 
quisite to the effect. • 

• p " 

All the conditions suppressed by the practical man are 
brought back by the scientifio man in a full statement of the 
cau#e. If any ar^ omitted, it is because they are so obvi«us 
that fto person could overlook them. Thwe is a legitimate 
ellipsis of expression, even in the scientific ^umtratior»o^con- 
ditions. , * 

The cause of the ipnndatioiis of the Ni^p would be described 
as (Ij the fall of moisture as snow on the lofty mountains of 
Africa where the Nile has its source; (2) the melting of this 
^ow by the summer heat. Gravity, the laws heat, the con- 
^tuiion of water, are all a part of the cvise, and if li^t mtn- 
tioned, are supposed* to oe ful^r present to the mind oflfcli© 
hearer, • • 

The growth of plants i^ a complicated causation. * There 
must concur, the properties of the germ, the coiftact ^yith'the 
soil, air, water, saline bodies in the soil, heat, light, &c. 
The agriculturist thinks only of a select number of those—th^ 
seed, the quality of the syil, mois|ure, and heat;, the ve^ctabl^* 
physiologist brings ifito view the physical, chemical, and vital 
agencies, which ai;p the causes of the phenomenon in the final 
ai^dy^is. 

The ca]j.se of vision is summarily given as light entering the 
lenses,or t&e eye. I'he full enumeration of the circumstances 
would.include the optical action of the lenses, the physiology 
f the chats of the eye, and of the nerves and brain; and* 
nally, the link associatiiig a certain activityV)f the brain witif 
a feeling in the mind. 
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The crtusf of the Reformation was Luther’s j^Jreacbifig^ a^inst 
bho sale <)f indulgences, concurring with the administration of 
the church’, ^nd tho state of men’s miilds at the time. ^ 

'In spealfing oft antecedents of the»French Revolution, it is 
customary t<f use the plural —Cau^s; ^gnifyfeig that a union 
of m^y circumstances or conditions wa^ involved. In the 
enumeration of ^lison, no less fhan sixteen chuse^ are given.^ . 

Gibbon attributes the rapid growth of lUhristianity to one 
primary cause, namelyi the convincirf^ evidence of the doctrine, 
and of the*ruling providence of its author; and to five aidii)^ 
5econdS,ry cau|es, ‘ which assisted in producing the effect, viz.: 

1, thainfiexiblh zeal of the early Christians; 2, the doctrine 
of a future life, as held by the Christian Church; 3, the mira- 
Duldus powers ascribed to the primitive church; 4, the pure 
and* austere morals of the Christians; 5, thei union and 
ilisciplipe of the Christian republic.’ • , 

Thei conditions of phenomena include negative as well as 
positive circumstances; the absence of hindrances to the 
operation of the agents concerned. The sun is the cause of 
visdon, provided he is not screened, provided the subject iB^.not 
asleep or blind. It is usual to suppress Rie mention bf all 
snchViindranaes, if they are really absent. 

7. The suppressing of essential conditions is a common 

fallacy of Causatioil. * 

When, in the statement of a cause, there is not merely an 
ellipsis of understood circumstances, but an omission of somi» 
esicntkf fact, the censequence is ixjsitive error. 

When the healthy effect of residence at a medicinal spa is 
attributed exclusiveiy to the operation of the waters, there is 
a fallacy of causation; the whole*circumstances and situation 
being thp cause. 

This is a common form of Inductife fallacy, and prevails in 
»11 th§ complicated sciences, as Pqjkics and Medicine. 

• OAUSATIO?! AS CONSERVl».TION CfF FpROB OR ENERGY. 

8. A great advance, in the mode of viewing Causation, 
is made by the modern discovery of the law named.* Cor¬ 
relation of Force/ or * Conservation of Energy.’, • 

The gutat generalization of recent times, variously designated 
the Conservation, Persistence,* Correlation, Convertibility, i 
Equivalence, Jn^estructibility of is the highest exprel- 
sion of Cause and Effeqt. In every instance of causation, there 
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t8 awaiting forth of ^rce in given circumstances, and the lavr 
in' question states exactly what becomes of the force, and is 
often the sufficing explanation of the special pbqn^mena, as 
' well as the embodiment of nature’s unifoi*hiity in*successions. 

StcMement^ of the Law of Comervatio$i, 

9.*Force, Bngrgy, Mo^ng Power, or Work Po^er,^ lo 
fmbodi^d ill var^us forms, all mutually convertible at a 
Setinite*(fixed) rate. TJie extinction of energy jp one formj 
^is accompanied by the creation of energy in another fonll; | 
in the transmutation worh^^ said to be done, atid i^o for<; 
is absolutely lost. . ^ 

(1) Matter in motion is Force manifested as actual, apparent, 

or Tdnetic ener^; but the modes ftf motion may bo ^ery j 
various. We are most familiar with that of raochauical * 
energy, as in the case o^a flying-ball, a water stfeatm or the 
wind, There is, however, reason to believe that tE| forces 
named he^, light, and electricity, consist in tninute move¬ 
ments of mateiial particles. • 

flatter in podition coft’esponds #0 a possible prpductioif of 
ppw^r ; or the c(?ufiguration of a material system corresj>otlds, 
in virtue of the mutual action of its parts, to a ^efinite aniount 
of possible or potential energy. A head of water repcesents a 
certain amount of moving ^ower by its very podiion. This 
•energy may not be evoked, and may dScist for ever only as 
potAitial. Yet it is as really existing as when it is employed 
to turn a wheel. 

(2) The different forms of energy may, iinfler cyrtain ^ar¬ 
rangements, be tragsmifted one into tile other. Mdbhayical 
force may pass into heat,^and heat into joiechanical force : an 
energy of motion may be exchanged for an energy of position 
and conversly. The rate of exchange is invarieble. , 

(3) In the interchange of energies fiotliing is lost. ••In every 

case where energy disappears by resistance, and is seemingly 
lost, a definite equivatent^f heat is generated. • •• 

If we suppose agiorfion of tAe universe is(^4ated so that^t 
neither gives nor receives energy from without, then the 
principle of *the Conservation of Energy asserts that the sum ; 
of tlfe kinetic apd potential energies within this material system 
is constat and unalterable. The actions and reactions of its , 
part^ can only vary the relative proportions of kinetic and* 
potential energies, but not their amount. * ^ 

Of these three circuiq|itauces the first, matter in motion or in 
«'osition, is the definition* or generalisation oi force or energy; 
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the seco<!d, transmutation of one form oj power into another ; 
and the th?td, conservation of the sum of the energies of 
n\otiou and. positiod of any self-contamed system, under ail 
chpn^es, arelHhe prdpertiea or predicate, constituting the Law ^ 
of (Correlation or The Conservation pf*Eneggy. 

^0.« III explaining the pia'nfcple of poftservatioli as 
applied to the 'different forms of actual enefgy, we may 
r{ 4 nk then# in two divisions, Mo^ar and MolK(7ulab,~ 
fnotion in ^nass and nlotion in molecule. ^ 

Tile* Molar Forces are tha same as •those termed 

MecluiiViml. \ 

• 

Tiie molar or mechanical forces are the motions of sensible 
* masses, as a hammer, a waterfall, a locomotive, a planet. The 
science of Afcchanics, or Molar Physics, is occupied with the 
compu^ion of these forces, in their transfer and ro-distribu- 
tion nndor all* varieties of oircurastances. • 

The Persist«{nce or Conservation of Porco was first distinctly 
conceived with reference te these palpable motions. Newton’s 
I First Law of Motion expresses the fact that a massmi^Tn 
I raotian will, if unobstructed, always continue in morion at the 
i same r^.e; w'\iich is the same as saying that force never 
decays. In free space, beyond the reach of molestation from 
without, a moving bifdy would preserve its motion for ever. 
This is the simplest aspect of Conservation. ^ 

A moving body eticountering a second hody^ whether at rest 
or ^Iready in lAotion—(1) if we suppose both bodies to be 
feetjy elkstic—iraparfs its own motion, in whole or in part, to 
the body struck. This is a neV situation*. Therd is a loss of 
power on one side, afid a gain on ^he other ; a redistribution 
of tjie movenients of the two masses. Now, in this state of 
things, flie Law of Conservation declares that in the inter- 
ohango nothing is wasted ; whatever striking body loses, 
the; struck body gains. « * • 

• If the two Inasses are eq*al, there will be simply an in¬ 
terchange of velocities, and of momenta ; and if they are not 
equal, still the impact will not alter either the*total momentum, 
or the moving energy of the whole. • « 

(2) When the bodies are iudlastic, then the visible energy 
will disa^ear in whole or in part. If a contemporary of 
^ewton bad been asked what beepmes of the force of cannon 
shot arrested by a dead wall, he would probably have answeredp 
that an infinitesimally small movemjBfft was imparted to the 
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mass of rock and*ita contiguous material. This wbiiid have 
been regarded as a consistent t’oWowvng out of t\ie theory of 
conservation in communicated momentums Tho \o^ energy 
^of the quick-moving fall would exist a» energy" in a .huge 
mass very slowly n^)viug ^ • , * 

Had the fari®ier qu^pstiou beeri asked—what bdbomes ofHhe 
force*of two djjposing mo\Jbr^enta destroying one ano^er— 
tlie above answer^ would not have served the purpose. No 
ftiotion i* created in any form; there is nothing to^appearance 
but sheer waste on both sides. , 

^ • The new difl^culty would in all likelihood have been me t by 
a very plausible assumption!* It might have been sa*d tTIar 
the conservation of force was to be^interpreted ts force operat¬ 
ing in the same direction ; all forces ip the opposite direction 
being held as negative quantities, like debt to credit. It vvfmld 
bo a sufficient account of any force that it had n^utralize*d an 
equal and opposing mi)five force; as when a paynAjpt of a 
hundred pounds to any one's credit extiiiguisjjes a hundred 
pounds of debt. 

Yet this explanation ^is fallacious as a prffioiple, and in 
op{»o8itiou to th^ facts of the case. Two bodies moving in 
opposing directions are not to be compared to positivie and 
negative; each has a positive value, for any purpose•wfatso- 
evor. Two streams running in opposite directions, are as 
good for mill-power as twt? streams pioving in the same 
direction. Easy mechanical contrivances can, without loss, 
divert a moving power into any direction. The two opposing 
forces that by collision extinguish one anothgr, could by a 
suitable arrangement, ujute their power in the sanfe^ coutse. 
The destruction, thwefore, that ensues in a hostile collision, 
is (on the present assumption) pure deatructioii, unredeemed 
waste, annihilation. It is*at variance with the Law’of Con¬ 
servation, which would have to be restricted afld quplifidU to 
moving bodies always fallowing the same course, j 

The principle of Cojisc^vatiou has been rescued from th^# 
])erplexity by the discqveries ^ recent time§. If t*vvo in¬ 
elastic bodies en^ouflter and arrest one another's movements, 
the mechanical ortmolar energy is indeed sunk ; but re appears 
IB aii equivalent energy communicated to the molecules, and 
manifested as Heat. The m*lecular motion excited in the^ 
encoihnterihg masses is exactly equul to the molar energy ' 
consumed. This is an entirely new view of Epree; and 
^ves fhe* principle of Conservation, hj giving it aif 
enlarged scope. It teaches us to take aoeount of all the 
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protean* transformations of energy, tyid pj;*event| us from 
rashly declaring that force is destroyed when it has ceased to 
appear Ih the origftial shape. Mechanical force in some cir- 
cum9tances|iwell uitdersbood, yields mechanical force ; mother, 
circumstaiices, fcfb example, hostile dollisipn, it yields a mdlc- 
enfar force, ftamely, Heat. 

jGoiiig back upon the first propounded to a contem¬ 

porary of Newton, — the account to be* giveU of a bali^s • 
impinging^n a dead rock,—we shojild now answer ^he queS- 
,flon not by mechanical transference—a slow motion imparted 
to the^rock—but by molecular transformatioi^ The ball andP 
uie place whe«e it struck would both be found to rise in tem¬ 
perature, and ahe’more ai^ the moving force of the ball was 
greater. All the energy would be accounted for in this way. 
In Svery case of collision, and even of impact without opposi¬ 
tion, somet^jing is lost by conversion into boat. • The loss of 
power ^/n’cfiow is a generation of Kfeat. 

: 11. The Molecular Forces may be provisionally enu- 

■ iiierated as follows :—(1) Heat, (2) Chemical Force, (3) 
Electricity, (4) Nerve Fdrce, (5) Light. 

® I 

T^ps enumeration is to be held as provisional; it may not 
includef^all th§ species ; and it may represent, as distinct kinds, 
what are only slight modifications of one kind. 

(1) Heat —Probai)ly the best example for showing the mole¬ 
cular forces, in their contrast to the molar, or mechaniqal, is 
Heat. Our experience of this influence is abundant and 
various. Yet|> only of late years have we been led to call it^ 
foftn of*moving matter, a species*of molecular motion or 
vib^tation, which bursts forth «n the shock that extinguishes a 
mechanical impetus.* • 

Such shocks of mech.anical cofiision are the usual mode 
of Ibraniipautiug mechanical energy into heat. Friction is 
only a more gradual and protracted collision, A familiar 
•^lustration is seen in hammering^ a jjiece of cold iron till it 
becomes red ^ot. The higl^ tempei;^ture of the sun is hypo- 
Ihetically accounted for by collisions of enormous swift-moving 
masses, brought together by gravity, • 

Such is the situation for converting mechanical motion 
into Heat. The transmutaticn of heat into Mechanical 
force, is effected through the expansion of bullc caused by 
raising the temperature of bodies. lu solids, and in liquids, 
*thiB expansion is small in rangd, but great in fotc^; and i| 
adapted only to special cases, as the splitting of rocks, where 
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there is need for a gr^at power moving only a veiy little way. 
Through the medium of gases, the expansion can be converted 
into mechanical energy, in any form w^ please,^ aS in the 
diversified performance of steam power. • ♦* • 

•In generating n^chanical power by hea^, as in* the steam 
engine, the aS^rce o^ hea^ must be of a higher temperature 
than^he medium; "the fireftnjist be hotter than the water ^nd 
4)ie steam. tTije* power is given forth by the descent of the 
heating Jbody to a lower temperature. Between bq^ies equalIj’’ 
hot, there is no developnfent of mechapical powei\ no forciUlp 
►expansion of a:^ one body. • ^ — 

There is a peculiar incontinence attachii^ to the iieat 
force. We usually find that some body ^osresses it in such 
superior degree as leads to radiation .upon other bodies, with 
loss to the radiating body. This is the moment for ohtafinng. 
a mechanicfbl or other equivalent. It is aUo th^ moment of 
dissipation of energy vtiflhout equivalent, if the oppofiaanity is 
not turned to accc^unt. The solar heat falling pn the planets 
gives , an equivalent in raising their temperature, and in pro¬ 
ducing other forces ; t^at is not intercepted is at once dissi¬ 
pated into empty^paco, without farther result than to elevate 
by a*slight addition the general temperature of space;^ real 
but unavailable equivalent of the heat lost to rtie sun? 

It is as regards Heat that the rate of exchar^ge with 
mechanical force has been settled with IjJio highest numerical 
precision. The assumed unit of mechanical energy is tho 
foot-pound of England (and the metre-kilogramme of the 
Continent), meaning the force expended in rai^ng one pound 
weight one foot. The^ unit of heati is defined*as Ithe 
amount that must fiass to one pound of water in ordef to 
raise its temperature (or sensible haat motion) ^by one 
degree of the thermometer. The rate of exchange or 
equivalence is 772 foot-pounds to one poifnd w*ater 
raised 1® Pahrenheit; Or 1390 foot-pounds to 1® Centigrade. 
In the Continental .scale of weights and measures, th,e 
expression is 425 metrQ-kilogrjq;nmes to one 
water raised 1° Centigrade. By a perfect machinery of 
conversion of heat into mechanical power, tho heat requisite 
boil a gallon (ten pounds) of freezing water would lift 
1389*600 pounds one foot. » 

" (2\ Ofietnical Force. —Energy^ in a form adapted to separate, 
chemical compounds, and as it appears when bodies combine j 
chemically, is chemical force.^When water is decomposed into its" 
Elements—oxygen and hydrogen—a certain amount of force ia 
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absorbed^or nsed up in order to bring aboift the decomposi¬ 
tion ; and the same force reappears when the elements are 
re-conibined. • 

Tliis oheiiiical foiice is a very slighi modification of Heat, 
In ‘the case of coirfbination, the force avoided appeal’s as he^t 
in ifs commdii form. Indeed, our artificial heat of coinbas- 
tior^ issthe chemical force liberate^ in the bhemical com^iina- 
tion of oxygen and carbon (supposing coal di*. charcoal to b^ 
the fuel), ^y peculiar arrangements, this force of combination 
mSy be preyented I'rom appearing a& sensible heat, and may 
take other forms ; it may decompose other compounds (as ii^ < 

e double decomposition of salffi) ; or it may*pass into elec¬ 
tricity r»r into magnetism. ^ 

Again, Heat may operate as a decomposing agent. Many 
compounds are decomposed at once by the application of 
heat, as the pxides of the noble metals, A fiimilia»ex imple is 
the decomposition of chalk or carb(fi^te of lime, in a lime 
kiln ; the heat^drives olf the carbonic acid, and what remains 
is burnt lime. Other compounds are decomposed by heat, 
whan there is an arrangement for combining one of the de- 
confposed elements witli a third subsPance ; ^is when water^is 
decoi^.osed in a red-hot iron tube, the oxygen combining fvtth 
the iron!*^ • 

That heat, the result of combination, should be the means 
of decomposition, isjthe proper,, the natural consequence of 
the Law of Conservation. Whatever is given out when ele¬ 
ments combine, must be restored when they separate a^ain. 
This is the exa«t relationship of heat to chemical action, which 
is disguised and apparently reversed by the familiar employ¬ 
ment of heat io malte bodies corr^mief as in* lighting a 
fire. Tjie appliestioji of heat in siich a case, however, is a 
mere incident; it seems to operate by disturbing the quies¬ 
cence of efements. It no more renders heat a combining 
power, than the pailful of water thrown into a pump before 
pjimpiqg is the cause of the subsequent flow. 

• The rate of ^jornmutation of Heat {yiti Chemical Force, has 
to be given in the detail, inasmuch as Sifteyent compounds 
give forth dilferent quantities. I quote ag examples a few 
oxygen compounds. One pound of hydrogen burnt (that is, 
combined with oxygen) would elevate, by 1° 0-, about {hirty- 
four thousand prmnds of water. This is the most •heating of 
all oxygeiiPcombinations ; we have long been familiar wijh the 
intense heat of ^tho oxy-hydrogbn blow-pipe, simple 

bodies burnt, or tjornbined with oxygen, the next in rank, i# 
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earhofij the chief ingredient of ordiiiaiy combustion, Imd also 
of animal combustion. The figure for carbon is h?BS than one 
fourth the figure for hydrogen ; a pourtd of carbon burnt 
elevates, by 1® 0., alrout eight thousand pouncte of water. 
Phosphorus ranks jiext*ajnong the simple*bodies examined 
(d747» pounds/; thet^ sulphur (2307) ; the metffis , zinc, iron, 
and tin, are n^rly equal (zlnc^ 3301, iron, 1576, tin, 12fi3)# 

• (3) Electrmity.-igll\\\^ variety of molecular force is distin- 
^ished by two main peculiarities. The first is or tlK- 

development of opposite forces at opposite points ; J^he magnet 
•i* the most fanyliar example of the power, operating; in m asses 
of matter. The second is named conduction^ |nd means the 
rapid transmission of the force fiyim one part of a bcdy to 
another, along a wire, for example ; a process of conveyance 
quite different from any of the modes of the transmission of 
heat. An Electrical charge passes almost instantaneously, and 
with little diminution offeree, through miles of copper wire. 

The name ‘ Eleetricity ’ now includes various phenomena 
marked by characters widely different. Thi ee t^’pes or .species 
may be indicated—Magnetism, Frjjction or Franklinic Efec- 
tri«itj^, and Volfeiic Electricity: all these have a m«flitr 
as well as a purely molecular side; the last is in ^lose 
relation to chemical force. Magnetism^ as a rhembef of tlic 
group of Correlated Forces, under the Law of Conservation, 
is best studied in the form csJled Electrcvmagnetism, or mag¬ 
netism generated from electricity; for, while the magnetism, 
whicli is a mechanical attraction, can be estimated by its 
^jnechanical effects, the electricity can be estimtU:ed chemically 
by the amount of acid apd zinc combined in the cells of the 
battery. Frittion Eldeiricityy in Uie common electrical machine, 
is generated by mechanic#! force (sometimes by lieaf, as in 
crystals); its discharge, beiitj:^ marked by vehemence, concentra¬ 
tion, or intensityy is not measurable with accuracy ; effects 
are seen in the rupture of atomic cohesions, in strong outbursts 
of heat and light, and other indications of concentrated foreq^ 
Voltaic Electricity is tljo^specifs most closeljr allied with 
Chemical Force ^ wfiich force is its source, its measure, and 
one of its results.. Through chemical force, as measured by 
tl^ ajnount of material chemically combined in the voltaic 
cells, we can slate the rate of exchange or commutation of 
Voltai^ Eilefctricity with Mechanical force, and with Heat. 

• • 

These*three modes of J’ofce—Heat, Chemical force. Elec-* 
fricity—are the well-defined species of m(Secular activity; 
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they caif all be measured and put into strict equivalence with 
Mechanical •Energy. There still remain, howevef, Light, 
and any mgdes of Activity in living bodies, distinct from, and 
euperadded ^o the forces of the inor^nic world; the Nerve 
Force is oi^ well-%iarked example. Fron^ the close analogies ‘ 
between this %st*named force and tllectficity,%e may take it 
next in order. 

(4) Nerve Force .—The Nerve Force is th^ Special activity of 
the nerves %nd brain. Like Electricitj', it is a current &rce. M 
diifers from Electricity in moving at a comparatively slow rate; 

inMepending for its maintenance upon chemical corqr c 
binations in tli| material of the nerves ; hence, while electricity 
decrejtses as it goes, the neyve force increases. Although this 
forc^ cannot be subjected to accurate measurement, we con¬ 
clude from analogy that there is an exact equivalence betv\x*en 
it and the chemical transformations that are its source; part 
of the food* of the body is expended Ir, supplying it. It con¬ 
tributes to muscular power, in which case it has a mechanical 
equivalent; a|id to molecular changes, chemical or other, also 
on •a definite rate. As t^e physicaj concomitant of mental 
sta^tes, we must still regard it as definitely ^jelated in quantity 
to tlfsse; a double amount of feeling, other things bein^ the 
.same, iC^volveS a double amount of nervous transformation. 

(6) Light ,—The divorcing of Light from Heat, in the enu¬ 
meration of the molecular forces,meeds to be explicitly justified. 
The divorce is at best provisional and temporary ; the reasons 
are such as the following. Although Light is a distinct product 
of the ot j^er forces, more especially Heat, and is iustrnment^ 
in caus^g at least oae of them, Chemical force, yet hitherto 
nothing has been done towards establisliing thetrate of com¬ 
mutation or exchaii^e between itiaud the others. When a 
bo(^ is heate^ till it becomes luAinous, there ought to be a 
definite •Joss of heat, equivalent, on a certain scale, to the 
light produced; at present, howevef, we have made no ap- 
>roac|j to such an estimate. J^wqpver, although light is 
Ae instigator«of chomical ch%nge, cannot say that it oper¬ 
ates by supplying chemical power, as fteat, or as electricity 
does; the effect may be similar to the actiomof heat in lighting 
a fire, a mere disturbance sufficing to begin’the clierayal 
union of elements ready to cpiftbine. Chlorine and^hyd*rogen, 
mixed together, will not combine cbemically in tlle*da^; the 
combination begins under the light. It is to be rei©arked, 
however, that decomposition is the direct test of ohemteal force., 
Now, light will rfbt cause decompositrau unless in the presenc^ 
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of a body, like* hydrogen or chlorine, having,a powerful 
tendency to combine ; or, when, aa in #regetation,flight is 
accompanied by heat. |We are, therefore,, led to Regard light 
•chiefly as the proni'pter to ^ change otherwise 4 naintajned. And 
in !his,view theie is ^,numetical proportion between the ammint 
of light and tfee eJctdht of ^he chemical action; aa shown in 
the researches o^^unsen and Roscoe [Fhil, Trans,, 1857). * 

When mechanical force operates against gravifV, as when 
^a^projectile is thrown upwards, the force is at lastlppent; the 
equivalent gaiilfed is a positmn of advantage, with respeffTTb* 
gravity; for, by the continued operation of me gravitating 
energy, the whole of the impetus lost will bo restored in the 
downward direction (the resistance o*f the air being leftfout 
of the account). We are familiar witli this eimiloyment of 
gravity in clocks propey<|d by weights regularly wound up to 
a height. To this peculiar situation. Prof. Rankine has 
?ipplied the name*^potential energy,’ to distinguish it from 
the energy of a mass in actual motion. The placing asunder 
of the celestial bodies, al> which grm^itate towards each ot^er, 
waS 4he primevaF situation of advantage, whence may^have 
arisen (by collisions) the heat of our suns and ijjanets^and by 
consequence all the other modes of force—mechanical*, chemi¬ 
cal, and electrical. 

It is by this operation that*the force of "gravity is introduced 
into the circle of forces, and is counted as a cause or productive 
agent. Viewed in itself, it creates no force; what is gained 
‘in visible force is lost in position; to restore th» position 
would require the p(jwer*to be piven back. It can, however, 
divert power; it can also store up and^re-distribute it, as a 
banker docs money. • 

A similar position of advantage may be found in the mole¬ 
cular forces. Thus, tht^ existence of two elementai«f bodies, 
able to combine, is a potential chemical energy, which, on the 
occurrence of the opporttmity and the stimulus, is coikvertcftf 
into actual molecultp' ertergy. €uch is the potential force df 
our coal, and of *all the uncombined and combinable elements 
of the globe,*- as* native sulphur, the native metals, and the 
loVeif compounds susceptible^ of entering into higher com¬ 
pounds. 

Thrf molecular attractions of bodies (as cohesion) may oper¬ 
ate exSic^ly^ in the manner of, gravity. A spnng is an obvious, 
example. The elasticity of compressed air *nay be turned to 
the same account 
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12. Causiition, viewed as Conseivation, is thus the trans¬ 
ferring ^ re-embodying of a definite amount of Force. 

When a sAip is j)f‘opelled by wind by steam, the motion 
is s|Lid to be causCd by tliose agentsj -which expend themselves " 
in producing the‘effect. The expansiver^ess of^team is due to 
beat operating through the niedju^ of water. The heat Arises 
from the combustion or chemical union o^<2|i(ijat and oxygeg. . 
The coal tyas the carbon of plants of former ageSi, who» 
growth demanded an expenditure of solar heat. 

^9? again, in tlie human body, mechanical force is obtained* 
by mucsular exertion ; that exertion is owing lo the oxidation 
of the'materials found in th,e blood; these materials are either 
vegetable products, or .the bodies of other animals fed on 
vegetables ■, and, thus we come round again to the agency of 
the solar ray in vegetation. ^ 

Transferred energy is thus the fina?and sufficing explanation 
of all change,! and the only explanation in tlie highest sensq of^ 
the word. Any fact of causation not carried up into this 
supremo law, may be correctly state^, but it is not accounted 

fo*^ i. 

Wj^atevev appearances militate agaiust the principle of Con- 
8ervati<2(n are Vo be held as fallacious. The ‘ perpetual motion ’ 
has long been rejected as incompatible with the mere mechani¬ 
cal phase of the principle. Thejre still remain to be removed 
various errors against the more comprehensive view. For 
example, the incautious remark is frequently made that *Lighi 
is the operative cause of vegetative growth, meaning light, 
aldne; *Dut the large amount of chemical power required to 
decompose water into its elements (theo bodies tof all others 
most costly in their demands) could be furnished only by the 
heating rays of the sun ; however much light may co-operate 
in giving stirfulus or direction- 

13. T1k 3 Law of Conservation exhausts Causation, viewed 

•as the,transfer of Force oi* oviqg* I’ower, but leaves many 
fomplicated/aiid, as yet, irnsolved*'questions of Colloca¬ 
tion. “’ ■ • 

If we view causation as the transfer or re-distribution of a 
certain definite amount of nipving power, nothing <fan *be 
simpler than the statement' of the principle; andf in many 
instances,,we find it easy to make the exact calculation! But 
•the circumstances attending the transfer, the situation or 
collocation of th^ materials engaged, ^ay have all degrees df 
complexity. 
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Tho simplest •sitanliou is the transfer of mechanical power 
by impact, as when a golf ball is impelled by the mon'^iiim of 
the dab. At leist, usually suppose ^y^his to^^be a simple 
-case; we take no account of the internal,^agitations of &ie 
particles of th^bod^^ struck, being content to asf^umo thatithe 
rnum^tum ia,trat*sferred jwith inconsiderable loss. Here, 
then, tho colloc^on is the ^easiest possible; it is the sensible 
■contact of one Wc^’irig body with another, either at rest or 
already fn motion. Evem when one moving b8dy strikes 
another moving in a different direction, the difficjilty of the 
■collocation is n»t much increased ; the mechanmal theorm:.^ jf 
■oblique forces will predict the new distribution,jhnd assign the 
directions after the impact. • 

When wc pass from the interchange of mechanical forcea, to 
the mutual interchange of mechanical and molecular, we en- 
•counter situations or coljpcations of various deg^es of com¬ 
plexity. Least diflicult is tho relation of mechanical energy 
'todieat. When a"inoving body encounters a ddhd resistance, 
the whole of tho energy is resolved into molecular motion of 
the encountering masses; if the lK)dy struck gives way*in 
paA,«and takes dfi motion, the actual energy generated is so 
much deducted from the energy transformed in^o heat^^ ^ 

The transfer of heat into mechanical force, as in the steam 
■engine, is accomplished by the oxpansiveness of tho heated 
matter. Starting from the faftt of forcible expansion, the con¬ 
version is merely an instance of mechanical impact. The 
difficulties are postponed to the next stage. 

The interchange of Heat and Chemical Force, the pjoduct^on 
of each from the other, ait will, is efiectetl by an arraifgemont 
that can be*exprefesed with considerable definiteness in the 
gross, although leaving th^.ultimate links of transition in deep 
■obscurity. The active combination of two comlvnablo bodies, 
as carbon and oxygen, gvolves heat; but the mmut«*circum- 
stauces of the evolution can be only hypothetically surmised. 
The intestine heat motioifs#of carbon and of oxygen, ix theit** 
separation, when trqjpsfi^red to Ihe joint carbohic acid mold? 
■cules, are in exefess, and the surplus gives elevation of tem¬ 
perature, or sensible heat, to the mass. 

^ho re-conversion of Heat into Chemical Force (potential), 
as in cherAigal decompositions, is •somewhat more complicated, 
but aif account can bo given of the situation in gross. In the 
•cases Vlrl^pre decomposition effected by heat alonef we have, 
the simple restoring of the surplus heat of tho combination. 
In the other cases, wher^ a new combination must be formed, 
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we havo^an additional circumstance, stiU perfectly cable, 
and, in ^“ough maiyier, hypothetically conceivable. 

The diffic^ties of Collocation grow ^lick upon us when we 
grapple with the ^fectrical group of mrces. The polarized 
state of matter, whether in mass,* as magnet and the 

Leyden jar, or in molecule, as in the docemposij^g cells ^ the 
volfaic* battery, is a new and auique phenqgienoii; and its 
generation by mechanical force or by heats nmy* be stated ifi 
th^ extremh terms, but without intermediate explanation, 
efven by a plausible hypothesis. After many laborious tenta- 
ti^i C Bf Ifeiraday discovered the arrangement for directly convert?- ‘ 
ing mechanicalpower into voltaic electricity (commonly called 
the magneto-elcctric machine), but the links of the transition 
or intermediate moleqg^a): changes are as yet unassignable. 

Yet worse perplexities surround the collocations for trans¬ 
ferring fore# in Living JSodios. Even the simplest case—the 
prodnetiort of Animal Heat from cnbmical combination or 
combustion—Is anomalous when compareli with the same^ 
phenomenon cut of the body. The general fact is oxidation, 
buf the circumstances a&d arrang^mentp are peculiar and 
unknown. Again, the production of Muscular Force froijt <the 
proews ^f oxidation is in accordance with the Law of Conserva¬ 
tion, while the transition links are hitherto.inscrutable. Like¬ 
wise, the Herve Force has the same common origin in chemical 
transformations (or blosely allietl molecular transformations) 
as the other forces, and follows a regular rule of exchange, 
while the mode of derivation is involved in obscurity. 

i4. Seeing that, m Causation, there must be provided, 
not*^ merely a sufficient force,©energy, or»movingf power, but 
also tlie suitable afrangement fof making the transfer as 
reqjLiired ; tlqs completing arrangement, or collocation, is a 
j part of the Cause, and (by ellipsis) is frequently spoken of 
\aucl investigated as the Cause. * 

^ A running stream is the propei* soflrce of the energy that 
turns a mill. In order to the effect. However, the due colloca¬ 
tion or connexion must be made for bringing the wateV to 
bear upon the machinery. Hence, the stre^ being taken for 
granted, the cause of the grindjpg of the corn is the proVidihg 
of machinery, and the regulation of the sluices; wbi’dh circum¬ 
stances ai^ of-the character, not of force, but of collocation. 

• So, in a Voltaic Battery, intended to decainpos^ s^alber, or 
to excite an e]^ctro-magnet, the pjpme mover is chemicai 
force arising in the cells of the'battery; the comnletinGr 
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arrangenjerits ii\clude^the whole ajjparatus of the batflbiy, anU 
the final act of closing the circuitf * ^ 

The combination of the food materials with the oxygen of 
the air, may be reckolied the source of*aU aniJual power; 
but so numerous a»e tlte. conditions to be r.eijufed in •the 
way ctf arrangeme|j^t*ipr due collocation, that we have often 
to think far inore of these of the propelling agenfjy fl.e- 

• r«'cd from tlifc |!^nial source of all moving power. We not 
ulifrcquefitly assign as tht^ cause of a man’s bodily strength, 
good digestion, healthy lungs, or a good»constitutior> generally,’ 
•i\nd say nothing of the real jiierivatioii of the strongtin^ho 
reason being that, without the complex group o^rrangoments 
implied in these facts, the power would not be transferred from 
the common fund and embodied in the..man’s muscular and 
nervous energies. 

Wlien a ftiau properly supplied witli food, goe* through a 
day’s work, we recognizB a transfer of moving power, under 
the* Law of Cousarvaiion. When any one pfostrato with 
weakness is restored to strength by a few drops *)f laudanum, 
there is no proportion between the eause and the effect, edn- 
sidercj^l as moving power giving birth to equal, although 
different moving power. The salutary interference n^u^ bo 
regarded, not as a communication of moving energy*corrcs- 
pondiiig to the access of energy that follows, but as the restor¬ 
ing of some arrangement or* collocatioif, necessary to tho 
conversion of the body’s nourishment into the various forces 
of animal life. 

As our knowledge of the Law of Conservatiorf is such as^o 
account for the remote s«urco of all power whatsoever, the 
enquiry usually presented for eeieutifiLC investigation is by 
what arrangements a giveu^ffect has been*seoiired, or through 
what media tho bank of Nature’s Force has been.drawn upon 
in the particular instance. Not many years ago the*^heno- 
menon of volcanoes was regarded as wholly mysterious ; since 
the establishment of the^Levv of Conservation, all that part 
the mystery connected with tho solirce of the upheaving power* 
has been removed, ft is tho internal heat of the earth con¬ 
verted at certain points into mechanical energy. What re¬ 
mains fior scientific investigation is a pure question of collocation; 
we are still ignorant of the arraiigeineuts for effecting the 
transference of power in that particular manner. 

In the same way, all tho groat cosmical changes, marking 
•t^e evolution of the solar system, and the geol^ioal history of 
tho earth, are referable td the primal sources of energy ; the 
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moving power at work is no longer a secret.. Yet tiie circum- 
stancSr arrangenients, or collocations, whereby the power 
operated tg produpe our existing moi^tain chains, the rise and 
fell of continent#, the fluctuations of climate, and all the other 
pllenoniena»revealed by a geologisal exaftnin^ion of the eflrth, 
are yet in uncertainty. 

* 15. The importance of Collocation ti^egirs in another 
aspect, ag representing the modes of Potential E|>ergy. • 

* Potential Energy 4s energy of situation, arrangement, or 
.coUncatidn. The Potential Energy, stored pp when moving 
bodies work^ against gravity, lill their force is exhausted, is 
desdribed as a position advantage^ a collocation of power, 
w;ith reference to a gnavitating mass. Mere we have the re¬ 
markable case of force embodied in absolute stillness or quies¬ 
cence. A mountain tarn is absolutely quies(!ent while its 
enclosure is perfect j the immense''knpetus to be displayed in 
its descent 4.0 the plains is not at presentrreprc.sented evgi Jby 
molecular n^otion. 

• A similar energy of cqllocation ig created when bodies are 
(Jistended in opposition to their cohesl^^p attraction^ iu 
spfngs. 

La^-ly, tlfbre is the energy of separation of Chemical ele¬ 
ments, as in coal, sulphur, metals, and other combinable sub¬ 
stances, simple or compound. • Gunpowder is a concentration 
of potential chemical energies, or of combinable elements in a 
situation of readiness to combine. 

It is^n tlie case of these potential energies that we seem to 
^yeat# moving power, to bring fqrth force, without a prior 
equivalent force, to make small causes yield great eflects. The 
apparent cause, oi* antecedent, a great outburst of moving 
power, is something altogethef trivial, as if force were 
evok^ and* absolutely created. Cause and Effect cannot, in 
such instances, bo stated as one mo’rtng power transmuted into 
t an equal moving power, molar or molecular. A child’s touch 
t migut be eiade to discharge a* wan-of-war’s broadside, or 
inundate a village. One word of a gdheral, the signature of 
a sovereign, may destroy an ertipire. , 

Cause, in all these instances, has a peculiar and injportanl 
signification. It is not a rwoving force equal to the visible 
energy of the effect, it is* the exertion, however easy, that 
changesia situation of potential energy to a situation of actual 
eoer^; the cutting of the string that suspends a freight, thq 
drawing of a sluice, the setting alight to a combustible, fhe 
supplying of a motiva to human volition. c 
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The course of esperiaiental investigatiua must adg,pt Aself to 
this position of our knowledge as regurdi Gaasatioer Wo 
know the ultimate, aii(|, in most instanqps, the ^‘proximate 
sources of moving power or energy; we »kaow ^a certain 
number^ more o{ lesS^ of Ibe conditions or collocations of Che 
trans%; what ^e itiH desiderate is the thorough and^ful^ 
generalized knowMge of the rdlnaining collocations. 

Jn the subtle acttons of Light, we are at this moment in 
doubt whether the lumiaous ray operates as a ^ynamicai 
^nd force-giving agent, like Heat and JBlectric For(5e, or only ' 
as a collocating •agent, either* to complete thev mediuiir"for 
transmitting a true force, or to convert a pot^tial iutp an 
actual force. As causing chemidhl combinations, wo can 
ascribe to it nothing more than the liberation of the putciiMal 
chemical emjpgy. So, in acting on the eye to rouse our 
optical sensibility, it ni^ be no more than a disturber of 
latent forces. 

“The settling of this preliminary point is necelsary to our 
progress in the investigations of luminous agency.* In merejy 
completing, or else • disarranging Collocations, Light iiiu^t 
exert a dynamical force, but it may be of the very sligl^est 
amount, and out of all proportion to the result* that <msue. 
There is no proof that, in any situation, the energies aroused 
by light are maintained at the cost of the light. 

The character of a disturbing agent musl attach to many, if 
not most, of our sensations. The tickling of the nose by the 
proboscis of a fly cannot be the source of the muscular move¬ 
ments that arise from the feeling. The ir^tatiou of a^usical 
• discord, the revulsion ^t aft odoiy', the energetic discharge of 
a bitter morsel from the iiKjuth—are efiici^cious as disturbing 
some collocation, and bringing potential force into actuality. 

In the complicated animal framework, there may be yioleiit 
displays of energy consQquent on the withholding *of the 
regular supplies of energy^ Extreme hunger may lead to, 
nausea and retching, in the delirium of fever, wheft no, 
nourishment can be received, there*is great muscular exertion. 
We are at no loss, on the foregoing principles, to solve the 
apparent contradiction. 

16. As Cause may not always.mean the Moving Power 
»transferred, according to the Law of Conservation, so, the 
Effect ma^ not always mean visible energy gainefl, but a; 
ti^w arrangement or Collocation of materials^ 

Moving Power is often e^^pended, not .with a view to repro- 



36 


CAUSATION AS CONSERVATION* %OKCE. 


ducinj^soTpe equivalent power, but merely to rerdistributo 
material, as in ti-ansporting stones from a quarry to erect a 
building. There js a detiiiite expeijditure of power, corres- 
pbnding tlie aollective amount of the stones, the distance, 
anfl. the friction^of the roads ; but ^he '^jfholei^tFect consists in 
a change of position of the mat^jrials,•without any available 
energy. • « 

Such is the nature of many Geological ehanges. .^V'hcn the* 
forces of the earth and tlie sun rais»o mountains, they impart a 
position ^f advantage, or of potential energy ; whereas the 
irannqjort of erratic boulders, the deposition «f strata at a dis¬ 
tance from tke source of the material, are efiects of change 
witliout any embodiment^f moving power. 

17. The evidence for Causation and for Conservation is 
the saine.< • 

This "follows from the identity of the principles. Now, as 
previous toHhe announcement of the principle of Cons(?r\\a- 
timi, a great^’body of evidoruje had been accumulated in favour 
of Causation in the old Mbnii, all tjiie experimental proofs in 
favour of Conservation are a pure iKldition to the evideifte of 
Causation. * In [)oint of fact, however, those experimental 
proofs*are themselves considered adequate to establish tlie 
principle of Conservation. 

Tliose speculatoi^s that rely* on an intuitive basis of proof 
for this grand generalization treat the two forms as identical, 
^hus. Sir W. Hamilton is singular among metaphysicians, iu 
giving #0 the Law qf Causation a form almost exactly co-inci¬ 
dent with the principle of Gqiiserv^ion^ which be may be said 
to have anticixjated^ * 

Mr.’ Herbert Spencer holds that ‘ the total quantity of matter 
ill the Universe, cannot really be conceived as diminished, any 
more fhan it can be conceived as increased. Our inability to 
^conceive Matter becoming non-existent, is immediately con¬ 
sequent on the very nature of theught. Thought consists in 
the establislimont of relatioSis. There qan be no relation estab¬ 
lished, and therefore no thought framed,‘when one of the 
related terms is absent from consciousness. The annihilation 
of Matter is unthinkable for ^e same reason that the CrOsPtion 
of matter is unthinkable ;* and its indestructibility thus be¬ 
comes jm a priori cognition of the highest order—not one that 
results from a long-continued registry of experieneq gftadually 
organized into^n irreversible mode of thought: but one tVafc 
is given in the form of all experiences whatever ’ (First Prin- 



37 


EVIDENCE FOR CAUSATION. 

• 

ClPLES, 2nd edit. p. 176). So much as regards Matter.X Now’ ■ 
as Matter is known to us merely as exerting force, tha#eason- 
iug really applies to Force as the underlyyjg exp^ieuce, the 
real signification of Matter. Hence, ‘ by thtyindeslructibility ■ 
of fbatter, we rgally*mean •the indestructibility «f the fofcel 
with which Mailer ajloets us,* * ^ 

Without re-entering into thtf controversy as to the t(^t of 
*trBth furnishe'd by»the inconceivability of the opposite, wo 
may remal*k that in the ab«ence of experimental coiilirniation* 
and interpretations, such an a ^priori coiifception vvoujd be very ' 
Tiazardous to rely on. It wouki not tell us, for example,“that 
all the force of nature seems tending to a mode of dissipation 
which is, to all intents and purposes^ annihilation, namely, the 
radiation of heat into space. Moreovdl*, the ease has ali’etwly 
been adduced of two opposing forces meeting to neutralize one 
another ; a fact formerly j^ccepted as in fall consisttency with 
the indestructibility of lueclianieal force ; the univ'crsal belief 
ot^s»ientitic men, as Well as of others, was that nothing survived 
such a collision. Such a prior/renderings are ofcho naturejpf 
prophecies made fffViy the ^vent. • , 

the Inducfivo Methods have been fully ex])liiined*tho 
proof of the Jjaw of Causation will be reverted t(^ wiili g. inew 
of indicating its logical character. VVb here assumt? it as 
sufficiently established, and wo shall have to proceed upon it 
(rediictively in several of the luethods of Biductive Proof and 
Klimiaation. SVithout it, there could bo no short cut to tho 
oi^’tablisliment of a law of nature ; every separate induction 
would have to be proved by a detailed exaryination of iBsj,ances 
through all nature. The nA)st potent of the Inductive Methods, 
the Method of Ddference, is a deductive parrying out of tho 
law of Causidmn or of Oonstyvatiou. 

18. The Cause, or aggregate conditions, of an .•Effect 
must be sought among lilie antecedent circunistaitces con¬ 
joined with it. ‘ ‘ 

To appearance, Cau^o and Effefit are a sequence or succes¬ 
sion ; the cause being first, or the antecedent; the effect, 
second, or the consequent. Tt is, therefore, among the circurn- 
stailces* preceding tho effect, ayd in sufficient connexion of 
time and phice, that we look out fcTi* the cause. 

The main difficulty of the determination is duo tcythe fact 
that, in'mpst. cases, circumstances not entering into the cause 
tbtiB also found among the antecedents, in as cloke connexion of 
^time and place as the causal* conditions. ^ It is to extricate the 
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real c^ditjons that we must enter on a course of observation, 
experiment, and comparison of instances. 

. 19. ATi\nvaricd)le antecedent is ii«t necessarily the cause 
or iiny pm’t^of the cause of an ejf‘»ct. , 

• • , _ 

,Th^ familiar example is the sfquenfte^of day and ^ight; 

which, although invariable, is* not a sequence^ of cause and 
effect. So in the evolution of a living beiftg, there ^e num§r- 
,<fus links of invariable succession ; find yet we are not entitled, 
on that cifcumstance alone, to pronounce the earlier the cause 
of £!3e later, m • 

The ease of day and night, being an understood phenomenon, 
illustrates the difference between causation, and mere invaria- 
biUty of order. Wo know that the cause of day, is the light of 
the sun falling upon the earth ; that the cause o£ night is the 
absencq of the sun. We farther kn<»^ that the earth’s rotation 
is the circunjjstance occasioning the periodical absence of the 
light. The cause of this entire phenomenon is made up of—“the 
luminosity of the sun, our being placed within reach of that 
lucninosity, and the eaAh’s rotatfon about its axis. The 
altefnation of light and dark is itsdlf but a consequeiice-a-U co¬ 
effect ©f the iissemblagc of facts constituting the phenomenon. 

Some of the invariabilities of vegetable and animal growth 
may be proved, and ^others presumed, to be only common effects 
of the real cause. 

Such invariabilities are part of the difficulty of 'causal 
elimination. ^ 

•Tho; Sause must ha an invariable antecedent, but it must 
farther be what Mr. Mill ej^presseS as *the ‘ uiiconditional in- 
variab,lo antecedent,’ the sole si^fficing circumstance whose 
presence makes the effect, and whose absence arrests it. Day¬ 
light is preceded by darkness ; but a state of darkness is not 
everywhere followed, after a certain, duration, with day-light. 
>^-We cannot, in the ease of day and n^ght, separate darkness from 
, its oMer of ^alternation with liglft ^ but, in referring to other 
cases, and other situations, we do notfiad that a present dark¬ 
ness always alternates with illumination, * 

THE COMPOSITION OF CAUSES. 

20. When several motive powers are conjoiried, the com¬ 
posite effect is the sum or difference of the'separate effects, 
according as ]f\ey conspire with, or are opposed to ea^ 

other. 



COMPyTMlON OF CQM31NED CAUSES. 39 

Cause% under^tood^as prime movers, may be combined, and 
the result computed by a numerical operation. Two men pul¬ 
ling at the same rope, two locomotives,*two weights, when 
acting in the same diriction, have a totaf effect ^qual to the 
sutn of the sep^rateteffedt^ When they thtvart^o*i 6 anoyier, 
the result is the diQi^nce. For oblique actkm, the computa¬ 
tion is made by tjie parallelligsam of forces. • • 

• In the.molfeculanagencies the same rule applies. Two equal 
tfres givff twice the heat^f one; two bushels of^oals make 
twice the combustion of one, that is, twice the hq^t; in the 
steam engine, t» double the fpel is to double the mcftive jmwev. 
Three identical wax candles produce a tripli illumination. 
Two equal magnets put together uyll sustain a double weight. 
It a voltaic battery of ten cells decompose a pound of water 
in a given time, six similar batteries will decompose six pounds 
in the same*time. • 

The same principle oltends to the Physiological or vital 
foiices. Increase .of heat, light, and assimilating material 
makes a corresponding increase of vegetable growth. Food 
and oxygen actively combined, gpve forth a proportionate 
auhojjnt of animaUtorce. , • 

Even in Mind, the ratio holds, although interfered wj^li by 
new forces arising out of the complication. <rhe j^easures 
and pains are in accordance with the amount of their several 
agents. A niauls. cnjpymemts increase^ with his gains and 
dimi|ush with his losses, other things being the same. 

""The Social forces in like manner combine, and may be com¬ 
puted by adding the sum of the effects. The addition of new 
causes of discontent in 4 people alread 3 P dissatisfied, mak^ a 
correspondiifg advaiTce toward# anarchy and revolution. On 
the other hand, some agitieable or sootbiug agency may neu¬ 
tralize an ill feeling already at work. 

In all these instances. Cause is to be interpreted a^meauing 
Motive Power, or ForcS; in no other sense does the rule of 
arithmetical sum and di^cft’jtnco apply. Canses that merely make 
good the collocation for -bringing a prime mov«r into actio®, 
or that release a potential force, do not follow any such rule. 
One man may dii«ect a gun upon a fort as well as three ; two 
sparks are not more effectual than one in exploding a barrel 
of gunpowder. In medicind*, jthere is a certain dose that 
answers the end ; and adding to it does no good. 

• 

^ 21. Composition of Causes is sometimes applied to 
"^Chemical actions, so are^to mean not a union of forces, but 
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tri(} uniin of substances or materials, rlii tliis wayi? ox yg^ 
and hylW)geii combine to form water. 

This parttof the ohemical process comes under collocation, 
and not uti^er force. The mixing jof^atejrials, and the unij^n 
of forces, are'iiot.the same fact. • « , 

Jn qhemical action, thus uudersitiod, we Cannot fully predict 
the characters of the compound from the fiharjicters of tl^ 
elements. It is tho speciality of chemical combination to 
nftjrge near^Iy all the pl\fsical properties of the substances com¬ 
bined, anduto yield a new product, where the combining ele-. 
inenfs are not* recognizable. Sftlphur combines with copper 
to form a black HaVy substance, the sulphuret of copper. 

There are still wanting g*eneral laws that would serve us to 
. confpnte the resultant of a chemical combination ; we know 
only that wgiglit is not lost, and that the law of definite pro¬ 
perties holds. 

The analog of Chemical Combination has been applied to 
mental and social combinations. Thus, the complex emotions 
of tfie mind afo often so far different from their constituents, 
as 4icarcely to suggest these to tho mental ai^alyst. The moral 
.scns<|p for example, is declared by many to be a simple faculty, 
on the ^rounebofits having no resemblance to any other simple 
elements of the mind. 

Again, in the stufjy of natioiial characters, we may know 
iliat certain influences concurred in the process of formation, 
and yet find a difficulty in tracing them. * 

Those, how§ver, are mere analogies. Chemical combination 
i.s ^in iyiTstrative metaphor and little besides. The analogy 
laiTs in one essential circumstance, definite combijiatious. The 
disguise ot the elements or components is the only point of 
similarity : and that would probably bo better referred to the 
analogy^pf ryrotr^/i,, where the constituents entering at one stage 
form a product, still farther combineebin siiccesive operations, 
*Njrhich_oannot all preserve a record o£ themselves. 
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ELIMiNATIOUr OF’^:!AUSE AND EFFECT.—^BSERVA- 
•TfdN AND? E^5:PERIMENT. 

*1. Th^ enquiry into gausation is usually prgsented in 
nature as a complication of influences and arradigenicnts/ 
some concerned and some »ot concerned in the catwe or 
the effect sought. . * 

For instance, a*.man i n g ood health gges to a new place„and 
a new occupation. His health gradually fails. There must 
Se a cause ffo’r the failure; assuming that ho ^ould have 
retained his health in h«f original abode and occupation, the 
cai^^e must lie in the new circumstances that hg is placed in. 
These new circumstances are perhaps numerous; the climate 
may be hotter or moister,pot to mention many otfier variaticans ; 
thedman’s new pui;^i5its and recreations maybe widely diftbrtnt 
fromTiis old. Now, while some of these dilforences must^bavo 
some share in the effect, others probably have no Miaro ;/and tho 
problem lies in disentangling the one class from the other; in 
.separating the operative fromihe inoperative surroundings, 

Thp case now supposed represents the inductive search in 
its extreme speciality, and as it appears in the commoner 
practical questions. A more general enquiryds exemplified 
in determining the effects of given ageitts, as heat, nwistA-e, 
electricity, o«ono, light, foods «or medicines, on the human 
constitution. Every one oS those agcntsdias a variety .of pro¬ 
perties, or modes of actioif; in the case supposed, some are 
operative and some not; and we*must discriminat<i«the one 
class from the other. • 

Again, we may propq^e«a still more general enquiry—Wh&t 
is tho common antecedent"to th^ effect denominated Heat, car 
the peculiar fact or sftuation always recurring when there is an 
increase in the taanperature of material bodies ? In looking 
atathew incidents attending the development of heat in any in¬ 
stance, wg find them to be numferpus and various ; and we have 
to find som5 mode of separating the inefficient from the efficient 
elements of the sitaatioo. « 

^ We khow from the law <Jf Causation, ev^n in the less ex-' 
plicit form (Conservation ^being left out of fiew), that in the 
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cfeangea going on in the world, the present situation^is the re¬ 
sult of |he previous situation; and if that previous situation 
were reproduced sS would the present. But this is not all ; 
fov we may^e able^o show that if a c^rtam part of the previ- 
ous,Bituation^werh reproduced, the,present would follow ; ^we 
can put aside all* otiose or inert accomySinimdhts and reduce 
the antecedent circumstances tp fhose really djierative. * This 
is the process of Inductive Elimination,, required alike rn 
special an^ in general enquiries as tp cause and effeot. ‘ 
.*Yet farther, we may. find the sequence of a past and a pre¬ 
sent situation to consist in a plurality of, distinguishable* 
sequences, which we may analyze and isolate by the methods 
to be‘pointed out. Politipal causation is almost always a 
corqplication of many distinguishable threads. 

2. Prep^atory to the disentangling or eliminating pro¬ 
cess, we inmce, in our own mind, di^vpanalysis of the situation. 

As the final end is to discriminate the niecessary from ^Im 
unnecessary elements of the situation, we begin by a separate 
cmlbieration of all the circumstances, taking care to reduce 
eacTli to its simplest components. If a manfcas lost his hpatth, 
in a certain locality, we first suppose to ourselves what may be 
the district agents concerned ; wo analyze the climate into all 
its constituent circumstances—temperature, moisture, fluctua¬ 
tions, purity of air, iftid so on ; -^e analyze the peculiarities of 
his mode of nourishment, occupation, habits, state of mind; 
and the more thorougli-going tlie analysis, the better are we 
prgpared*for the operation that is to follow. Indeed, an in- 
sufiicieflt analysis wifi of itself defeat the best laid schemes of 
elimination. Newton’s irivestTgation of fhe planetary motions 
owed its success to*his analyzing^*the course of ^ach planet 
into a central tendency towards the sun, and a tangential 
tendency. This separation was the first clue to the mystery. 
In any enquiry into the cause of some effect due to the sun, 
TJfe for icxample, sun-stroke, the diflig^enit known constituents of 
Ae solar beairt—heating, lighting, aifd cljemical rays—should 
be separately viewed as the possible cause. • 

The ability to perform these mental analyses is partly depen¬ 
dent on the state of knowledge at the time. Thus, we now 
know, what was not known-in the beginning of ^h® last cen- 
tury, the .constituents of the atmosphere; we are therefore pre- 
,pared forVn enquiry, according tp the methods of eliyiifiation, 
into the precise oause of any atmospheric effect. If it is pro« 
po^ed for enquiry, why does meat piftrefv in the air, we keep 



4a 


•V^UVlNG THE CUiqUMSTANCES. 

in view •the distinct* constituents—^nitro^en, oxygen, water, 
carbonic acid, dust, living germs; as among thc»e, among 
some concurrent action of these the cause must be found. So, 
it is only of late, that \he analysis of the solar Ay has i^di- 
csiJted the so-c^led ^henfloal rays in addition to.thfc’ lumvious 
and t^pe heat-mving unys. 

It may bo farther remat^od, that this analytic ability is a 
fecial mental aptitude personal to the enquirer, and indicat¬ 
ing the scientific faculty.# 

3. In separating the essential from the iKjn-essentidl 
Accompaniments in cause fed effect, the. course is to vary 
the circumstances, for which end we must resort to Observa- * 
tion and Experiment. 

The different antecedents and consequents being separated* 
in thought, we have to ascertain which antecedenWis connected 
with a given consequcift. Having usually a plurality of ante¬ 
cedents, or a plurality of consequents, or both, we need to 
single out the connected couples of antecedent ajid consequent. 
This requires us tq lool* for other instances whore the gwup- 
in§s*are differentf and to*note what happens when particfilar 
antecedents or consequents are wanting: an operation deSlribed 
by Bacon as ‘ varying the circumstances.’ * *• 

The varied circumstances, or groupings, are so many new 
facts attainable only by Observation, t® which we may add 
Experiment. The distinction between those two processes is 
not fundamental, and is seldom important. Observation is 
finding a fact, Experiment is making one. Tlfe wqrth of the 
fact depends on what it 4s in itself, and*not on the mannqf of 
obtaining it* Both methods aA used as far as possible. 

The adyantages of Experiment are’not confined to the 
obvious circumstance of multiplying the facts, important as it 
must often be to multiply them! A second considtration is 
the power tliat wejgi^ nave of suiting the facts to the case in 
hand—of producing ike of variation that we need.. Thus, 

in order to ascertain Which offthe gases of the atmosphere 
supports combustion, or animal life, and what are the elements 
that bring about putrescence and decay, we must, by means of 
ekpefiments, separate artificially one or another of the gases 
from th^ ijBst; such separation-not being provided for us in - 
nature. 

Dr.* BAlfour Stewart remarks, with reference to aft investiga-l 
Mion by Duloug and Petit as to the cooling of^ body aurroundeS 
t)y a gas, that the research was a very troublesome one, from 
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the variations that luul to be made in the temperature of the 
body, aiid in* the density, temperature, and. chemical nature of 
the gas. ■ • 

A third stperiorifiy of Experiment over Observation lies in 
the power •of producing a phenoingnon vucler knmvn circim- 
stances and surroiuulings^ so as to take acqdiint oV all extraneous 
iufbjen^es. Thus, instead of obgerVing electricHy in thunder 
discharges, we evolve it in a room whert^ we know all the 
modifying ^fluenccs. For the exaipination of magnetism, a 
l^dbse is constructed wholly of wood, so that the local disturb¬ 
ance of pic«es of iron may be prevented. Li^rewise, the best * 
opporfiinity fo» the study of disease is in hospitals, where the 
sick ai’e wholly under the cpntrol of the physician. 

Experiment finds its grjeatost scope in Physics and in Chemis- 
.try. “It is admissible in Physiology, in the Human Mind, and in 
Human Soqiety, with limitations easily divinadlo by any 
reflecting student. 

In the situption of enquiring into the Cause of a given 
Effect, Experiment is for a moment unavailing. We can try 
the effect of a given causCj but we c,^nnot try the cause of a 
giv«n effect. Assuming heat as an agent, we^ can make ex,pQci- 
rnent^ on its .arious powers or capabilities ; but given the heat 
of a fern^nting mass, as an effect, we c.-innot, by experiment, 
get ont the cause. We must first ccytijeciure a cause ; experi¬ 
ments may then bo instituted ts find out the effects of that 
supposed cause; if those tally with the efl'ect in question, 
we have made out our point. 

The problem* of Causation may thus be presented in both 
aspOcts-./given a cause to find the effect, given an effect to 
find the cause—but the experiuieutal solution is oiie ; namely, 
to watch the effect of an assumed cause. The course of the 
phenomenon flows in one way ; 'cause first, effect second. 
When w© seem to be working backward, we are in reality 
working forward. *• 

‘‘itEyiW OF THE COMPLICATIONS OF •CAUSE AND EFFECT. 
*"4. The Inductive Eliminalioii of Cauics and Effects may 
be illustrated by a review of the various complications 
actually met with. 

We have already adduced. examples of the complications 
that have to be uniuvelled, in order to assign the heat effects 
of a cause, or the causes of an effect. We are able to .ptesent 
a* more comprehensive view of the actually occurring entangle-, 
meuts. 
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Those .natural a^ggegatos, termed Kinds by pre-erainenCe, 
are marked by the concurreriee, in a siijglo objbct, of many 
different properties. Oxygon, carbon, phosphorus, iron, mer¬ 
cury, platinum—have Aich a great number ^f distinct power.s 
oifactivities ; ^encof whdh*the introduction of auy bne of them 
is foll6\ved by^omQ ojaangejin the things the^ are brought into 
contact with, we, are at first cnccrtain which of all tli^ irftiuy 
]ft’opertics of the •substance is the operative circumstance. 
Carbon,•for example, is faund to absorb gases in lawge amouyt j 
which suggests the enquiry, which of t^io properties of carbon 
’ is this owing io :—its spcq^fic gravity, porosity* blackness, 
amorphous structure, or any other ? Agaiif, mercury ha.s i 
certain medicinal effects ; and we«desiro to know which of its 
many properties is the causative circumstance. Platinui):!, in 
a finely divided or spongy state, brought into contact with a’ 
stream of hydrogen, makes it ignite. What docf this depend 
upon r 

* then, in the elementary bodies of Chemisti^, the simplest 
substances known to ns, there is a great coucoui’so of anteced¬ 
ents present whenever aiiy one is Urought into play. BfTt, in 
nuftive, these ar# usually found mixed together (I am*not 
alluding to Chemical combination, which yields new substl,iices) 
in great varieties of compounds. Thus, the Atmospfiere is a 
mixture of two simple bodies—nitrogen and oxygen ; various 
known chemical compound^^watcr, caJtbonio acid, and am¬ 
monia; and a groat many other gaseous effluvia, together 
with solid particles, partly dust and partly ova of plants and 
animals. Moreover, it possesses at each mofticnti a cerfaiu 
temperature, a certain* electrical condition, and ^perhaps 
other peculilbrities. *Thus^ whT:u the atmospheric air is pre¬ 
sented to,us as a cause pr agency, the possible variety of 
antecedents is very great. Many researches have been occu¬ 
pied in eliminating the causal conditions in comb\istioij, in 
vegetable and in animal life, in putrefaction, in spontaneous 
generation (so-called), 

Again, the sea is jiot fure water, but a soluti<»n of numerous 
saline bodies. * 

i^ost minerals "fire mixed substances. A geological stratum 
i^Lighly compound; and when certain vegetables are found 
to grow fip, a particular soil, elimination must be applied to 
ascertain which are the needful constituents. 

In ^^getable and in A\^imal Kinds, the complication j 
istill greater. The chemical constituents of plants and of ani- ' 
mals have very complex itoms, whose disintegration may yield 
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a variety of different products. Hence^ vegetable aud animal 
substances rfeed as food, as medicines, as dyes, &c., have many 
possible modes of ojierating. We must, however, when living 
bodies are agents, farther take into accohnt the organic or living 
structure; *11:^ poison of a living plant of anipial has powers 
of derangement ({uite different fropi the ehpmicj^il action** of its 
ch£mieal constituents. » . 

The complication in the world of Mind is v5ry great. 2^ 
human beiug is by nature many-sided, and by education still 
more so. Hence, when one person exercises an influence upon 
another, it “is far from obvious, atjfirst sight, by what peculiari¬ 
ties the effect Arises. So again, in the explanation of motives, 
a historian is often baffled to select the one that actually 
swayed a given effect. • 

’ The operations of Government are ramified in their conse¬ 
quences. A' single enactment—the. imposition of a tax on 
windows or its removal, free-trade, or its opposite—operates 
variously according to circumstances. ' 

WEAPONS OF elimination. 

5.^11 is ill the comprehensive Law of Causation iiself, 
once eatablisked by Induction, that we have the instru¬ 
ments for eliminatiug causes and effects in the detail. 

As already said, there is but bne proper Inductive Method 
—Universal Agreement ; there is, in the first instance, no 
shorter cut to an Inductive Generalization. Wo must go 
thrpugh the laoour of a full examination of instances, until we 
feel assured that our search is complete, that if contrary cases 
existed, they must have been met with. 

By such thorough-going examiiiij,tion, various inductive laws 
have been established, including that momentous truth called 
the Law*of Causation. Now, in whichever of its two properly 
scientific aspects, we view this law—whether in the less sug- 
^fes.tiv&but perfectly accurate form Uniformity of Sequence, 
<ir in the new ^nd better forfa of Cdhsei;vation accompanied 
with Collocation, we find in it a means of shorfening the labour 
of ascertaining specific causes and effects. • By-applying Jihe 
general law, in either form, tbe^e is often a possibility of prov¬ 
ing causation by a single instance. , • 

^ Thus, tg take the first form of Causation—‘ Every event is 
^uniformly*followed by some othg* event; and every.efent is 
uniformly precec^ed by one or other of a definite number oft 
events —given an antecedent, one consequent succeeds; given 
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a consequent, some oi^p of a few definite antecedents has pra* 
ceded. Now from this it follows, that whenevertan agent is 
introduced into a quiescent state of things, and when certain 
changes follow at once Tin that fact, the 8*e^uenc(f happenipg 
on6e will happen aWays? • Nothing springs out of‘nothing. 
Natui;^ in the niattea of sequences is unifortn; and a single 
case, cleared of ambiguities, establishes a law. By the «truke 
' of an axe, a block m cleft; the same effect will always follow 
tfie samcf cause. Hence, a single experiment in the^aboratoiw 
may establish for ever a casual projierty. • 

• On the secoq4 o** more precise lorm of Causaticsi, there is 
a definite transfer of motive power under some given arrange¬ 
ment of things. Wo know, by tbis law, without any new 
observation, that a blow with a hammer will realize its 
equivalent, either in mechanical energy, or in some form 
of molecul/iT* force. If in a certain situation, if^splinters a 
stone, it will always do4he same thing, in the same situation. 
In^a different arrp,ngement, it raises the temperature of a 
surface ; and what it does once, it does always. All that we 
have to settle empiricaUy in this^ form of the law, is^the 
trqjisfcr attending^ach coHocation, and the collocation attend¬ 
ing each transfer. By induction proper (universal agree¬ 
ment) we have already ascertained this to be»unifojta, and 
accordingly pronounce upon a single clear instance. 

There is thus only one Inductive Methpd at the foundation 
(Agreement), but there are several Deductive Methods, or 
methods depending upon the grand generalization of Cause. 
-For instance, the method known as the ‘ Method of Differ¬ 
ence,’ is not an inductivqbut a deducti^ method ; fo», wjjh* 
out the law of CausETtion, the method would be incompetent. 
Even the ‘ Method of Agreement ’ as employed for the pur¬ 
pose of elimination, supposes the Law of Causation, and is to 
that extent a deductive method. • .« 


6. Tlie Law of Causation involves the three following 
affirmations, each of whioh is the groundwork of a piocess 
of Elimination.^ ’ * * 

(1) Whatever ^antecedent can be left mit, without preju- 
dipe to the effect, can be no part of the cause. 

A cans#- is what produces ah .effect. As the presence of 
the cause is the presence of the effect, so the absence of the 
cause is the absence of the effect. The absence of 4he cause, 

f irith the pVesence of the effect, would he a, contradiction of 
he law. We are sure, tlterefore, that whatever can be omitted 
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■or withdrawn without making any difference to the effect in 
question, ie not the cause, or any part of the cause. It we 
cut a string that we suppose to be the support of a weight, 
and the weight c(5ntinues to be sujfjiorted, the string is not 
tiiQ support, ^ f . 

Upon the Law of Causation,^ viewfiH^on this side, deposes 
Mr. Mill’s Method of elimination by A<jrc^e.meni. A certain 
effect remains after the successive withdrawal 6f all the arfte-' 
cedenis ejccept one; which leaves .that one in sole ftnd unJis- 
, fluted possession, and* therefore the cause. ^ 

(2) an antecedent cannot he left 'out without tlie 
consequent Aisappearinjj, such antecedent must be the 
cause or a part of the cause. 

This affirmation, likewise, is implied in the law, It presents 
the other e'dc of the same linking of cause and effect: absence 
of the cause is absence of the efleet. Whatever, by disappear¬ 
ing, makes <the effect to disappear, is bj that very fact an 
essential or (vmsul condition. If the cutting of a string is the 
falling of a weight; the spring is the support of the weight. 

•■This a.spect of cause gives the decisive Method of Dif'ei'4hce; 
the^nethod whereby a single instance may be incontrovertible 
proof a cause. 

(3) An anteccdmit and a cpnsequent rising and falling 
iogQtXiQv in numerical concomitance are to beheld as pause 

, and Effect, 

This ijs Cafssalioii in the more special aspect of Conserva- 
tiau, find is directly implicated i» that principle. In the 
transfer of moving power, tli8 quantity gained iS the quantity 
lost; and the tracing of quantitatfl^e concomitance is our very 
best clue to the force operative in a given effect. As the com- 
biistiott«of a locomotive is Increased, so is the steam power. 

In those agencies that merely bring about a collocation, 
•there js no numerical ratio betwecff the agent and the result. 
•A. slight touefc is enough toicompletfe th^ electric circuit, and 
a double vehemence adds nothing to the eiietgy of the circuit. 

The process now described is the Method of Concomitant 
Variations. • ' 

These arc the three chief, methods of Eliniinatitlg the un¬ 
concerned circumstances present in cause aud effect. After 
^ consider^le progress has been made in the disQof ery of 
causes, recourse .may be had to a farther proceeding, namely^ 
to allow for the^nfluence of all knowti causes, and to attribute 
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what remains of .the e^cct to what remains of the cause. Thi's 
also is a pi’oper inference from the Law ofc Causation. It is 
termed the Method of Residues. , , 

The Method of Agreement may be empjoyed negatively; 
that is^ cases i^y Bp found where cause and effect are tini- 
formly absent iggetherj* We,may call it Agreement in Absence. 
When this circumstance can ^e conjoined with the positive 
nfethod—Agreement in presence—an approach is made to the 
d*ecdsive Crogency of the Method of Difference. Mr. Mill hq^p 
given to this conjoint mode the designation— Joint-Method. 

* The following chapter wil^ exemplify the employment of 
these Five Methods of Inductive (or Deductivb) Elimination 
in investigating Cause and Effect. • 

It is not possible to separate from the thorough working of 
these instruments of Elimination the process of generalizing^ 
or attaining to Inductive generalities. In carrying out the 
Method of Agreement, for example, the collation of a large 
number of instances where a cause or an effeot is present, 
cannot fail to suggest laws of causation of a higher generality 
than the enquirer spts oijt with. IS^evertheless, it will nofrbe 
ex^2(Jicnt to dwelh upon this generalizing operation while ^e 
are bent upon the eliminating process. Generalization belongs 
to Discovery ; Elimination is Proof; and Proof, more than 
Discovery, is the end of Logic. Still, we shall have to make 
room for a consideration of the beat modes of ai’riving at the 
highcir generalities. 


CHAPTER VI. 

THE EXPEllIMENTAL METHODS. 


1. There are thfee chief methods of eliminating thtf 
cause of a pheflomenon from the neutral or indifferent 
accampaniments—Agreement, Difference, and Concomitant 
Variafioiis. 


METHOD OF AGREEMENT. 


- 2. The Method of Agreement is expressed thus :—If 
Two or more instances of a phenomenon uftder investiga- 
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tion have only one circumstance in c^mman, that circum¬ 
stance is the cause (or effect) of the phenomenon. 

The instHnoes ape studiously vari^ so as to leave out in 
turp all tUe circrftnstances attending^the ^henomouou. What¬ 
ever is lel't out, in any one instance, without ^letriment to 'the 
eflfect* cannot be the cause ; th« pos^biliticj are gratlually 
reduced in number ; and, if th^ means of elimination are com¬ 
plete, the ^enquiry terminates in assigning one circumstan*ce 
,tfiat has never been wanting where the phenomenon'appears. 

The method is illustrated symbolically thus :—Lot A repre¬ 
sent a cause ,and a an effect ^n nature seldom have A 
followed by a alolie ; were such isolation the rule, the Experi¬ 
mental Method.s would be*unneccssary. What we find is A in 
combination with other things as A B C, and a also in com¬ 
bination, jjjS in a h c. But, now, if these conjunctions were 
rigid and invariable, we should h^ve no opening for the 
methouis. "^he real fact is, however, that though a cause may 
be always in combination with other agehts, it is not always 
in,the same combination ; at one time the union is A B C, at 
arother time A B D, and again A®C E ^ there being corres- 
poiUing conjunctions in the effects’*—a b Cy^a b d, a c e. t * 

If suppose, then, the instances— 

ABC giving a b c, 

A B D giving ah dy 
ACE giving ace, 

we reason thus. So far as the first instance is concerned— 
ABC ^iviijg ah Cy the effect a may be produced by A, or 
by B,^r by 0. In ihe second instance—A B I) giving a h dy 
the cause C is absent, the efi^'ct a still yjmainiim ; hence C is 
not axjauHe of a. Jn the third ii^tanco—A C E giving ace, 
—B is absent, a remaining; hen«e B is not a canec of a. The 
only fyjtecedent persisting through all the instances is A j 
when a is present as a consequent, ^ is always present as an 
)r antecedent. If, then, we are sure^hat every other antecedent 
I, circiimstancp has been removed ia tifrn, the consequent a still 
surviving, we have conclilfeivo evidenae that A is a cause, 
condition, or invariable accompaniment of a. ’ 

It matters not which is the form of the enquiry,—given an 
effect to find a cause, or give* a cause to find an effect. The 
first is supposed to bo the riore frequent occurrence. Science 
from oflold, was ’ 

j -rerum cognoscere causas. . •. * 

If the problem be given in the firs^ form, the proof is alwajrr 
given in the second.; we try & cause to what effects 
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will follow, wbicJb prqjres at once that the consequent is the 
‘Cftect of the antecedent, and that the antepodent the cause 
of the consequent; the two affirmations being idei^^ical. 

Although our professed object now is to qpfold the Indue- 
tiv6 eliniinatiomof (?ause*atul Kirecb, having already disposed 
of the, case of ^o-ejistence jis Co-inhering Attributes, yet, in 
abounding the Methods, wewnust receive instances ♦ndfe- 
'cnminately, as we dk) not at first know how they will turn out. 
Tnore arS many coniiexioos of Cause and Effect tiaat appear 
^as Co-existences, and there are instances that we lanst leave* 
undecided, being unable to assign the ultimate natftre of the 
union. The more obvious tests of Causation*are those:— 
(1) sequence in time, as when inno«ulation is followed by the 
small-pox pustule; (2) expenditure 'of energy, as whe^j a 
cannon ball ghattors a fort. Where these tests are wanting, as 
in co-inhering powers o^ the same substance—f«‘ example, 
gravity and inertia—we are left to presume co-existence, 
there being, as alternative possibilities, mutual implication, and 
the co-existing effects of a common cause. • 

This explanation is more especially called for in comm«ic- 
in^tke Method of*Agreen»ent—the universal or fundaiuenftil 
mode of proof for all connexions whatever. Under ^his 
method in particular, we must be ready to admft all Winds of 
conjunctions; reducing them under Causation, when wo are 
able, and indicating pure Co-ffxistence when the presumption 
incliiKJs to that mode. 

As a simple example, we may take the case of the conver¬ 
sion of solid bodies into liquids^ and the farther •bouv^rsionjof 
liquids into ^ases. JThe* bodies so converted are of* evary 
possible variety of properties ; the one circumstance common 
to all the iusiances of suc^ conversion is the appUcartion of 
heat. The elimination is complete as regards this antecedent, 
which is therefore correctly assigned as the essential ooaidition 
or cause. We may appT^ in this example, the most decided 
test of Cfeusatiou, the expenditure of energy or force; we gjiDuld** 
never regard the fac^ as a mere Cio-cxistcnco. •- * 

The next exanl^lo is of a different character. 

Xlie peculiar phenomenon known us tho interference of 
polarised light—consisting in ^he exhibition of rings of alter¬ 
nating 01 * ‘periodical’ colours, when a polarized beam of 
light passes through certain transparent substances—may 
be propoainded for investigation. We may ask—isxhere any 
[i^ther property or plienomenon always pres*»nt in the bodies 
• that show this peculiar "effect ? Now, the bodies must, as a 
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matter of course, be transparent; butt all transparent bodies 
do not eAiibit tbe polarized bands; hence, transparency is 
eliminatec^ By farther comparison of instances, we find that 
there is.no constant mode of colour, of weight, of hardness, 
of* form (crystalline), of composition (physical or chemical) ; 
so that no one of all these properties ds concernedrin the 
p*hGn^omenon. There is, however, one property common to 
all the substances that furnish these coloured bands, they hre 
^11 douihf refracting substances, tliut is, present two images of 
things seen through them obliquely. By Agreement through 
all known substances, there is proof of the concurrence ot 
these two properties. 

It is not ascertained, Invwcver, and cannot bo ascertained by 
Agreement alone, whether the two facts are cause and effect, 
or whether they are a case of co-existence withqut causation. 
Agreemerft is the method of proof ^br all conjunctions what¬ 
soever—whether Causation or Co-existence. The enquiry 
belongs to *^8 particular class—the conjoined Properties * of 
Kinds, where there may be laws of co-existence without cau¬ 
sation. The decisive criteria of causation are wanting in the 
ea^. t 

To ^take third example. In flowers, there is a remark¬ 
able c&ncurrence between the scarlet colour and the absence 
of fragrance. The following quotation gives a selection of 
instances. ‘ ^ 

‘ Among all the colours that blooms assume, none are less 
associated with fragrance than scarlet. We cannot at present 
rpcollec</ a blight sparlet blossom that is sweet-scented—yet 
no other colour among flowers is lucre admired and sought 
after. Scarlet prevails among Balsamina, Euphorbia, Pelar- 
goniuin, Poppy, Salvia, Bouvardj^, and Verbena^ yet none of 
the scarlets are of sweet perfumes. Some of the light-coloured 
Balsailft and Verbenas are sweet-scented, but none of the 
^scarlets are. The common Sage, with blue blooms, is odorifer¬ 
ous Jboth in flower and foliage; .bu^ the soarlet Salvias are 
devoid of sfuell. None (tf the sweet^scented-leaved Pelar¬ 
goniums have scarlet blooms, and none of the scarlet bloomers 
have sweet scent of leaves nor of blooms. ' Some of the \Tfhite- 
margined Poppies have pleQ,sant odours; but the 'British 
scarlets are not sweet-sceirted. The British white-blooming 
Hawthc^n is of the most delightful fragrance ; the scarlet¬ 
flowering has no smell. Soijie of the Honeysuckles are 
sweetly perfunqjld, but the Scarlet Trumpet is scentless’ (BLDB4,j 
American Gardener’s Monthly) 
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Fourth Example. The North-East wind is known to be * 
specially injurious to a great many persons.* Let ttte enquiry 
be—what circumstance ^r quality is this owing t*) ? By a 
mental analysis, we can distinguish various qualities ia winds; 
—the degree of^violl^ce, the temperature, the Ifliraidity br 
dryness^ the elcistricky*, and*the ozone. We then refer to 
the actual instances to see if scAne one mode of any of Aiese 
qualities uniformly Accompanies this particular wind. Now 
we find, that as regards viMence^ easterly winds aro^enerally, 
^eble and steady, but on particular occasions, they ar^ stormy; 
hence, we cannoif attribute their noxiousness to |he intensity 
of the current. Again, while often coZd, they are sometimes 
comparatively warm; and althouglf they are more disagree¬ 
able when cold, yet they do not lose their character by beiug 
raised in temperature ; so that the bad feature is not coldness. 
Neither is there one unifoyji degree of moisture; thojf are sorae- 
tiipes wet and sometimes dry. Again, as to eleciricittj, there 
is do constant electric charge connected with' fliem, either 
positive or negative, feeble or intense ; the elective tension of 
the atmosphere geaerally rises ad the temperature faTlg. 
FarShar, as respect^ ozone, they havo undoubtedly less of j^is 
element than the South-West winds ; yet an easterly wjnd al 
the sea shore has more ozone than a westerly wind in thb heart 
of a town. It would thus appear that the depressing effect 
cannot be assigned to any one of these *five circumstances. 
When* however, we investigate closely the conditions of the 
north easterly current, we find that it blows from the pole 
towards the equator, and is for several i^ousanS rades close 
uj}on the surface of th% gro'&nd; ^hereas the south-west wiud 
coming from the equator descends upoi\ us from a height. 
Now, in the*course of this l§>ng contact with the ground, a 
great number of impure elements—gaseous effluvia, fine dust, 
microscopic germs—may, be caught up and may remMn sus¬ 
pended in the lower stratum breathed by ns. On this pointy 
alone, so*far as we can &t present discover, the agreement is 
constant and uniform* • * * 

What is the conclusion ? As Agreement by itself does not 
decide that conjoined circumstances are cause and effect, we 
must fiTnd some mode of excluding Co-existence, and rendering 
the case one of succession. Wheil the two c rcurastances are 
plainly jn succession, as when a fracture follows a b^.w, uni¬ 
form agreement (with elimination) proves causation ; when 
'^ey are not demonstrabl^r successive, the a^ement fails in 
this respect. 
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Now, there is a general belief that the two*©vents supposed 
—the L“ast*wind and tho uncomfortable sensations—are not 
contemporaneous, but in succession; J:he wind first, the feel- 
iiius afterjvards. • This belief is supj^ortedby the circumstance 
that a change of feelings, must hdve, according to the^ law of 
c%uss^ion, an antecedent condiiicn; aSid if skU antecodents, 
besides the one above named*are eliminated, ^hat one is the 
cause, or an essential part of the cause. • 

• The phenomenon to be cxplaindd is not a permanent fact 
* 01 * potentiality, like polarization or double refraction, it is a 
temporary mgnifestation, and Requires somef causal circum¬ 
stance to bring it forth. In this respect, it resembles the 
actual display of one of fhese optical properties ; it cannot 
happen without a suitable agent and collocation, which is pro¬ 
perly a cjimse of the appearance. • 

If then, the elimination be supplied complete, there is a 
proof by A^’eemeut that the deletei’ious influence of the east 
wind is due to the circumstance named; and the case exempli¬ 
fies the eliminating efficacy of the method. 

*In the foregoing exan^le, we c An not- withhold from our 
misid a certain presumption in favohr of the result, grounded 
on ouM^knowledge of the deleterious tendency of atmosphere 
impurities caught up from the surface of the ground. This 
is a circumstance not properly belonging to the proof by 
Agreement; it is a confirmation from deductive sources. The 
addition of such a presumption always operates strongly on 
our belief; tje total absence of it leaves a considerable shade 
o&uncertainty in al^ the methods, but most of all in Agree- 
mfent. The third example sljpws tBis Efficiency ; we are not 
at present aware o^ any connexion of a causal kind between 
the scarlet colour of flowers and the absence *of fragrant 
odour ; ^the proof of the la,,w rests upon the Agreement alone. 
That method ofproof is final, only whqp the elimination has been 
^^xhausled, by variation of circumstances, and when the coin- 
^cideijfte has been shown through all flature, so as to festablish 
a law of Universal Co-existAce. 

Fifth Example. Let the phenomenon given*be Crystallizationy 
and let the thing sought be the antecedent circumstauces,. 
positive and negative, ot the farmation of crystals. This is a 
case of succession, and therdforo of Causation. . 

We n^st begin by collecting instances of the effect. In the 
following series, the circumstanoes are purposely.vairied with 
a view to elimiilation:— 

1. Freezing of w«tar 
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2. Cooling.and ^iidifying of molteu metals and minerals. 

3. Deposition of salts Irom solations., 

4. Volatilizing of solntions. , ^ 

6. De{)osition of solids from tbe gaseot\^ state, as iodine, 

6, Pressure. *, 

Slow j^iteraaV change, as in rocks. 

8. The transformation o# metals tVoni the tough ^o fhe 
brittle eSndition, by hammering, vibration, and re¬ 
peated heatiiigjf and coolings. • 

Looking at the first and second ilmtances—ice, and t^e 
solidifying of molten metal-*-\ve discover two antecedent cir¬ 
cumstances, namely, lowering of .temperatui% and change 
from the liquid to the solid state. • 

The third instance—deposition of salts from soluti(Vi— 
agrees in IJ^e same two circumstances, there is a lowering of' 
temperature, and also f^hange from liquid to soltd. 

The fourth instance—the volatilizing of solutions, as in 
bailing down sea-fvator—appears to fail in the lAittor of cool¬ 
ing, but still contains the circumstance of priorWifiuidity ; the 
prominent fact is lhat ifho solveni^is driven off, and thcTdis- 
solvied substance thereby* compelled to resume the solid ^i?te. 

The fifth instance—the deposition of solids^ at once Trorn 
the gaseous state, as in the case of iodine—seems to eliminate 
prior liquidity. We must then shift the ground, and, for 
liquidity, substitute one of the two highbr states of matter. 

The sixth instance is ‘ heavy and long continued pressure 
upon an amorphous substance ; ’ principally shown in geology. 
This would eliminate the prior liquid or gaseous'eondition, g,nd 
bring to view tbe^forchd approximation of the corfistitiient 
particles of bodies. But the same circumstance accompanies 
all the pr*fvious cases, beipg merely a different expression of 
what is common to them. We know heat as forcibly enlarg¬ 
ing the bulk of bodies—making their particles mufeally re¬ 
pellent ; the withdrawal^of this force leaves the attractions of 
the particles Iree to operate. • ** 

The seventh instance—slow* geological transformation-^ 
unless viewed Uy the light of the circumstance just named, is 
difficult to interpret. It is not, however, incompatible with 
tlie predominance of the mqlecular attractive forces by the 
abatemelit.of the repellent forcefi. 

The eighth instance—change of metals from the tcjgh to ^ 
the lorittle state—is a trup case of crystallization ; brittle^ * 
ness is accompanied with an imperfect crysta^ine arrangement, i 
The effect is produced* by cooling after hammering ; by re- 
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peated beating and cooling; by long-oontinued vibration or 
coucus»ion :—all wloicb influences tend to expel the structural 
heat of the*substance ; the consequenpo being that the mole¬ 
cular attraction ir more preponderant. ^ , 

Vv^e have thus^eliiuinated Cooling, JDepositioi> Irom Solution, 
and Prior Liquidity ; and have fo«nd bfit'oue »niforni iiiatece- 
dent~the increased scope and* operation of thq molecular ^r , 
solid-forming cohesion; to which point, hbwever, th^ese other 
circumstaifces really tend ; they ard all of them remoter ante¬ 
cedents of the one constant antecedent. The examination of« 
the instance.s Jjas enabled us to generalize the phenomenon, as 
well qs to establish the generality upon evidence, namely, the 
evidence of Agreement. " 

As we have stated this enquiry, it is a clear case of Cause 
and Effect. We have sought the antecedent circumstances 
whereby a body in an amorphous oik.uncrystallized state be¬ 
comes crysUillized ; and we find that there is an expenditure 
and re-distril5ution of power or energy. The result of the fex- 
penditure is ifot au active manifestation, as when we produced 
uiedhauical force, or heat ;‘'it is an arrangement, or structural 
collq^catiou; a case already conteutplated (Jp. 35) among ^he 
results pf expanded force. 

Sixth‘Exumple. Let us next apply the method to eliminate 
the cause, or the antecedent conditions essential to the pro¬ 
duction and maintenance, of Light. 

Now, the most constant circumstance is a high temperature i 
solid bodies become luminous Jit a temperature of from 980" 
to 7 000° Fahrenheit. , So far, there is a remarkable unanimity. 
It is found, however, that gasqs do not always bqcome lumin¬ 
ous at this temperaWre, nor at a piueh higher ; a current of 
gas may be raised to upwards (jf 2000" F. without being 
luminous; whence we conclude that the state of the body is 
also a Fonditiou. Again, the electrJrO spark is a luminous 
effect, which would give the disturbance of the electric 
disohavge as an antecedent. As there if a possibility, hbwever, 
ftiat the great* violence of thfe discharge may be accompanied 
with sudden rise of temperature, this may be merely another 
form of heat. We should need to show, by’varying -the 
instances, that high temperatuie is not essential to the spark. 
In the next place, certain silbstances give light at*common 
temperatiu*es, to which fact has been given the name phqsphor- 
tsscence. Some minerals, gently heated, emit a feeble' light,, 
which soon ceas^fe, and cannot be rerpjwed until the body has' 
I been exposed to the sun or the electric spark. This is still a 
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form of heat, but not (jf the intense degree of ordinary light.’ 
More peculiar still is animal phosphorescence, as' the glow¬ 
worm, fire-fly, and certain sea animalcules., Hero Jho accom¬ 
paniment is a special mode of vitality hitherto iineliminatod, 
ant! excluding ^he ^;;ircuinBtance of high temperafure (Mr. 
HerbeyC Spcnt^r suggests ihat it is an incident attending 
oxidation). Once* more, a fahit flash of light occurs*wifn 
obtain substances in the act of crystallizing. 

We may thus collect frotn Agreement, that igniteM solids 
jthe temperature of 1000® are luminous* and that all electric* 
discharge is lutninous; but we cannot at present lay down 
any wider generalization. Excepting the very general fsict of 
molecular disturbance of some kii^l or other, which wo are 
unable to quality in the precise mode 'boncerned in the effect, 
our compar^on of instances does not point to a constant 
circumstance. For the jyesent, we regard Lightf as having 
a plurality of causes. 

As farther instances of Agreement, wo may qubto the proof 
of the coincidence of Sleep with low nervous action, which 
means a feeble cerebral tirculatiom*; also, the connexion of 
Mefhury with the •intensity of Present Consciousness. tSo 
uniformity of these conjunctions under all varigties of o^er 
conditions is the evidence afforded by Agreement. Tife Rela¬ 
tivity of Knowledge is established partly by Agreement, partly 
by the method of ConcomitanC Variations^ as will be shown. 

The cogency of Agreement is manifestly in proportion to 
the thoroughness of the elimination. Whatever circumstance 
has never been eliminated is a possible c^use. l^herS are npt 
a few instances, as in^the h.ction^of drugs, where nature does 
not provide variety requisite for a tlyirough elimination. 
The complicacy of the Natural Kinds passes our means of 
extrication by Agreement alone. 

METHdt) OP DIFFERENCE. 

* •« 

3. Eltmination by Difference is expressed in the Mlow-^ 

ing canon;—If,an instance wlTere a phenomenon occurs, 
and an instance where it does not occur, have every cir- 
cuwfttance in*common except one, t hat one ggcu ning on ly 
in^lhfi first ; the circumstatfcQ present in the. first and 
absent in the seconS^, is the cause, or a part of the cause, 
of the giyen phenomenon. ^ ^ 

«* We are supposed to ha^e two instances and^nly two. Enoh 
.'is a comjilex sequence, a jsfTonp of antecedents followed by a 
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group of consequents. The two complex sequences differ by 
only a single sequence, present in the one, and absent in the 
other. the sequence A B C D ^ives a h c d, and BCD 

grves b c.d: tVio^nly difference bein^ the presence of A in the 
antfecedenl, and of a in the conse(jaent,,df op^ sequence, and 
the absence of these in the other se^iuencs. .Siipjiosing A3 C D 
cCan^ed into B G D, by the l<J8s of A; while at the mom¬ 
ent abed is changed into h e dhj the tess of a; we ha^e 
reproof of tlio connexion of A with te. Indeed, the assertions 
•ai'c identical; to say *that the disappearance of one thing is 
followed by the disappearance o4another thing, there being no 
other change, is merely way of expressing causal connexion. 

Difference plays a grejffr part in onr everyday inferences. 
TJ» usual ibrm is the sfldden introduction of some limited and 
definite agency or change, followed by an equally.definite con¬ 
sequence. •When the d*’inking of wgier is followed at once by 
the cessation of thirst, we do nob hesitato to pronounce the one 
fact the caus^b of the other. The human* system is a gieat 
complication,* but the only difference made upon it in two 
sijcccssive minutes is the sequence o# drinking and the satisfy- 
ing^f thirst; there has been, we T)resuin0, no time for any 
other yhang^to manifest itself. So when we waken a sleeper 
by a nbise, or strike a light by the friction of a match, we 
infer causation ; the new agency being instantaneously fol¬ 
lowed by the new effect. * 

The first exam])le given, under Agreement, is also proved by 
Difference. That Heat is the cause of the melting of ice, of 
wjix, or f)f lead, is proved by making, upon these substances, 
the one change of raising the^tempdi*ature. Being quite sure 
that in the conversion of ice into water, no change has been 
made except this, we have a conclusive experiment of Differ¬ 
ence to show that heat is tjie cause. 

The^rne substance in two states,^as solid and liquid, or as 
^amorphous and crystallized, enables jus to ascertain what effects 
are diie to change of state. Thus^ charcoal, uncrystallized, is 
. black, opaqub, and a conductor of electricity ; as crystallized, 
in the Diamond, it is transparent and a non-conductor. 

A large part of our knowledge of nature and of living beings 
is gained by making experiraintal changes and watchihg the 
consequences. Our proof is the immediate resullf. An im- 
mediateyresponse is satisfactory evidence in almost any de¬ 
partment. Thus, in medicine, jihere is little dopbtsas’ to the 
operative forcqfof purgatives, emetics, sudorifics, diuretics 
narcotics, stimulants, irritants; the niicertaintv attaches to- 
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alteratives, tonics, an^ the protracted treatment of chronic! 
cases. The effect of quinine, in ague, is established beyond 
dispute. . * 

Whether it be to adS, or to withdraw, a^efinite .agont,*a 
ch&nge instantly folIl^wing«is pi oved to be an effect.* Even in 
politics, we rq^y have a proof from difference; as in the 
accession or resignation of administer, like Chatham* No 
ofijer circurastancec arising in the ordinary course of a year 
would mllke that total chfinge in the course of {^Htics thjjt 
followed on Chatham’s becoming rniniljter. It could not ho'* 
denied that ho was the causo ^in the practical senso'of cause) 
of our successes in America, and oi^he continerit of Europe. 
The con.sequcnces of his retircmeuf wore equally decided as 
proving, on tlie method of Difference,*the vast superiority of 
his powers an administrator. 

Wherever Difference ^n be resorted to, the kihiwlcdgo of 
causes is gained at once. In ordinary cases, tlio method is so 
obvious in its application, so satisfactory and (JbnclusLve, as 
scarcely to need a master to ex[)lain or enforce it.® Tho special 
discipline of Logic, no fai*as tins m«tbod is concerned, lie"^ in 
shewing the precautions •requisite in the more complicj^i?(l 


cases. 


In Pliysiology, the functions of the nerves were ascCTtained 
by the experiment of dividing each in turn, and watching the 
effect. Whatever function fs immediately arre.sted on the 
diviswn of a nerve, is shown to be duo to that nerve, or to 
require that nerve in order to its performance. tSucli experi¬ 
ments, however, do not exhibit the entir^ circle*of ctnditiq^is 
involved in the functiorf in question. Wc know tlTat the 
integrity of flie spinal cord is necessary to sensation and to 
movement in the trunk aiyi in the extremities of the' body; 
we do not exhaustively know what else is necessary. For this 
more extensive knowledge we should have to multiply^experi* 
ments all through tho brain. If the destruction of any pari, 
interferes with these ftmetions, that part enters into the* 
causal conditions; if otherwise, et does not enter into tliost‘* 
conditions. * 

TJie extension hf this class of experiments to the brain 
exfemjflifies one situation wbere^thc method of Difference may 
be indeci^vg. Deep incisions in •the brain, intended to affect 
one single organ, as the cerebellum, may injure adjoining 
organs*; and may therefore bp inconclusive as to the Unctions 
^f the special organ in view. It is on t^js ground that 
.Brown-Sequard objects t8 the views of Flourens regarding the 
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function of the cerebellum. The one cejtain inference in such 
cases is, thtft whatever function survives, in its integrity, the 
destruction*of an prgan, cannot be exclusively due to that 
organ. The obverse inference is certain only on the supposi- 
tioa that fhe injury has been confioea to Jhe part affected. • 

With reference to the conneigon of gcarlet bloorfl^ with 
affsenRe of odour, we have a seeming case, or Difference in 
comparing such varieties as the white-flowering and the red- 
flpwering Ifawthorn : the one fragrasit, the other not.* In th*e 
^omplicacj of Kinds, -^e can seldom be sure that a variation 
is rigidly confined to the circmnstances that are apparent. 
Moreover, where there is jiot a clear case of Causation, Differ¬ 
ence IS insufficient to provA‘a coincidence. 

Sir G. 0. Lewis lays ft down as essential to the validity of 
a proof by Difference, that we should know, b;g a previous 
induction, the general adequacy of tlje assigned cause to the 
production of the effect. When we infer that a man, shot 
through the "heart, drops down dead, w^ need to know,*he 
thinks, that, as a general rule, a gunshot wound in the heart, 
is a*cause of death. To this remark*the teply is, that practi¬ 
cally we do make use of such previous knowledge, but is 
not essential Jo the method of Difference. Provided we are 
|uite sdre that the new agent is tho only change that has 
preceded the effect, the instance is conclusive, on the Law of 
Vausation solely. The use of a "more specific induction is to 
supply the defect of certainty in the instance itself. There 
may be other unseen agencies at work, as well as the one 
supposed^ an(f this is the only ground either for invoking a 
gerieraf presumption, or for multiplying instances of the 
phenomenon. In |3ractice, ^e seek bdth for presumptions 
(from J)rior inductions) and for rSpetition of ins^nces; but 
an ideally perfect instance of Difference, in a case of Causation - 
is conclusive in itself. 

Agj«eement and Difference can be ftaigily compared aij to their 
•tespective advantages and c^sad vantages. Agreement needs 
4 large number of instances, but theiif character is not re¬ 
stricted. Any instance that omits a single antecedent contri¬ 
butes to the result; the repetition of the same instance i8.t)f use 
only as giving means of selfotion. Difference requires only 
one instg,nce ; but tha*t one is peculiar, and rarely to be found. 

A great extension is given to*the power of Agreement, by 
extending it to*agreement in absence. When such cases are 
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conjoined with those ^here the agreement is iu presence, theie 
is an approach to the conclnsiveness of the methoH ('f Differ¬ 
ence. This double em^oyment of the mei^hod of •Agreement 
is brought forward by Mr. Mill under the designations—the 
‘ Joint Method A^i;pemei!t and Difference,* and the ‘IndiVect 
Meth<j5 of Difl(pren«e.i It «night also be called the ‘ Method 
of Double Agreement.* • * * 

JOINT METHOD. 

4. The canon of this Method is:—If two oi more in¬ 
stances where the phenomdhon occurs have •only one cir¬ 
cumstance in common, vdiile twgjfer more instances where 
it does not occur have nothing in common save the absence 
of that one circumstance ; the circumstance wherein.iiloiig 
the two je@i_^of mstauces.diffeivTs the effect, the. cause* 
or a necessary part of ^Re cause of the phenomenon. 

H wo require td ascertain, under this methdd, that A is 
the cause of a, or a the effect of A, we add, to tllb instances of 
uniform presence »f A "and a, other instances of uniform 
absence, as B F Gf follow^ by 6/ gr, C H I followed by 
and so on. If we have never discovered A panting as an 
antecedent without having a, absent as a consequent,*tliere is 
a strong additional presumption that A and a are united as 
cause and effect—a presumption that may approach to the 
certdUnty of the method of Difference. 

It is a confirmation of the cause, suggested Ijy Agreement, 
of the noxiousness of tho North-East ^ind, that tl!e South- 
West wind, lihe genial and wlylesome current, is wanting in 
the circumstance assl^^ne^ It descenc^p upon us from the 
eleyated regions of the atmosphere, where impurities are 
highly diluted by dissemination. . 

Again, to revert to tlm example of Crystallization.** Let us 
review the non-crystalTi^ed solids, and note the mode q^ 
their formation. The Amorphous stones and rocks, aff sand¬ 
stone, chalk, &c.^ are known to he sedimentary*deposits from 
water. Before being solidified, they existed as solid particles; 
they were not dissolved in water, neither did they exist in a 
molten condition. This Agreement in absence would confirm 
the inferenee from Agreement In presence—that (so far as 
certain instances went) crystals existed in a previems higher 
jconditioft. . But the general#inference, from the full compari-. 
♦son of examples, was thq superior play givenVo the molecular 
A attraction by counterworkingr the molecular repulsion.^ Now, 
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’this general fact is absent from all merg sedipientary deposits; 
these bodies have#iio aid, in the shape of loss of heat or other 
cause, to tteir molecular attractions. 

• The compari^n of the amorphous rocks yields another 
cirtjumstance, namely, the irreguia^' mi^ure^f different Sub¬ 
stances. For, although in a mu4 sedimopt sj|ica or l^umina 
may prevail, neither is ever pute ; and the mixture of different 
elements is a bar to crystallization, unless tHey are of bhe' 
l^ind calldd isomeric (from crystallizing alike). Thdl:e is more 
• to be got*over in cry.s*tallizing compounds of unlike elements, 
and the crystals must bo deficiint in regularity. 

Another uncrystalliz^ class comprizes the vegetable and 
animal tissues. In theirl»se, however, the antecedent circum¬ 
stances are too compltcated and obscure to furnish insight; 
they rather stand in want of illustration by the parallel lights 
of more dbvious cases. Besides, there is in them a method 
and order of aggregation more anmogous to the crystallized, 
than to the Amorphous solids. • 

A third ^lass includes the Colloids, or glue-bodies, of 
(jmham (represented by^um, starch, gehitin, albumen, tannin, 
ca]j^mel). They are not confined* to the viscid form of glue, 
but iijciude .compact solids, as flint. The points of contrast 
betwedb these and crystallized bodies are numerous and 
important. Their mode of formation is various; many of 
them are the prodifcts of living bodies, and therefore share in 
the complication of living growth. Flint is an aggregate of 
particles of silica, which particles were originally the shells of 
acimal^ anS therejfore also organic in their formation. In 
this case, the molecular attractioft of silica, in its progress 
towards crystallizjyjion, is thwarted by ^he pre-existing forms 
of the’ silicious particles. . , 

It woukl require too long a discussion to show the bearing 
of the**colloid peculiarities on the Question as to the antece- 
^^dents of the crystalline formation. Enough has been given to 
^ show the working of the method ©bverse Agreement. 

METHOD OF CONCOMITANT fARIATIONS. 

5. Canon of the Method: — Whatever phenomenon 
varies in any manner whenever another phenomenon 
varies in some particular manner, is either a cause or an 
effect <5® that phenomenon, or is connected with it .through 
some bond of^oncoinitance. ’ • ® 

Tho effects of Heat are known*dbly through proportionate t 
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variation. We eannot deprive a body of all its beat ; the 
nature of the agency forbids us. But, by fnaking *changeB in 
the amount, we ascertaij^ concomitant changes in ihe accoin- 
paiTjriijg circumstances, ai^d so can establish «ause iyji<i eiJbct. 
It is thys that arrwe at the law of the cxpi^nsiou of bodies 
by heaA, In th# same •way, we prove the equivalence of 
^aud Mechanical IVirco as a brflncli of the great law of Cou- 
seyvatiou ^r Persistflnce of Force. 

The proof of the First L8,w of Motion^ as given by Newtoiif 
assumed the form of Concomitant Variations. On ^he earth, ‘ 
there is no insttince of motiSn persisting ind^liuitely. In 
proportion, however, as the known jjbstructinns to motion— 
friction and resistance of the air—aTo abated, the motion of a 
body is prolonged. A wheel spinning in an exhausted receiver 
upon a sruootii axle runs a very long time. In Borda's experi¬ 
ment with the pendulunj)^ the swing was prolonged to more 
thjin thirty hours, 1^ diminishing friction and exliausting the 
air. • Now, comparing the whole series of cases, Trom speedy 
exhaustion of movement to prolonged continaafieo, we l^nd 
that there is a striet coflcomitauc^ between the degree 
obsfrifction and th^ arrest f we hence infer that if obstruction 
■were entirely absent, motion wonld bo perpetual.* 

The celebrated experiment of carrying the barometer to the 
top of Puy de Dome was a proo/ by variation of the connexion 
between the pressure of the air and tlie rise of the mercury. 

By 'Concomitant Variations, wo derive one of the proofs of 
the connexion between the brain and the mind. the same 
manner, we learn to associate liealth with tlie health}’^ agyncie*, 
and diseases yjitli noxious agencies. 

The doctrine that change/)f impression is an essentii^ con¬ 
dition of consei Dusnoss, froKi which proceeds the theory of 
Relativity as applied to feeling and to knowledge, is moat 
strikingly attested by Concomitant Variations. The intensity 
of a mental impression notably varies according to the greatness* 
of the ti^insition from obo State to another : wi^css thb in- , 
fluence of novelty^ olp>all 
suddenness and surprise. 

Tlxj S tatistics of Crime , reveal causes by the method of 
Variations. When we find crimes diminishing according as 
labour is abundant, according as ‘habits of sobriety liave in¬ 
creased,^ according to the multiplication of the iibans of 
detection,*or.according to the €ystem of punishments, we may 
presume a causal connexjpn, in circumstanceJ^not admitting 
.^if the method of Dllferencef 


great cnanges of circurn.stauces, of 
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The Concomitance may be inverse. « Thue we find that the 
tendency fo chemical action between two substances increases 
as their cehesion diminished, bein^ much greater between 
lit^uids tljan between solids. So, the greater the elevation of 
the laud, the Ipss the temperaturt), and the fuore scs^nty the 
^egcj^tion. < 

Parallel Variation is sonffetimes interrupted by critical 
points, as in the expansion of bodies by fieat, which suffer^ a 
•everse nSar the point of freezing. 'Again, the energy of a solu¬ 
tion does^not always follow the strength ; very dilute solution^ 
occasionally exercise a specifie power, not possessed in any 
degree by stronger. Sc^in the animal body, food and stimu¬ 
lants operate prcportion^ly up to a certain point, at which 
tlfeir farther operation* is checked by the peculiarities in the 
structure of the living organs. , 

The properties of highly rarefied gases do not exhibit an 
exact continuity of the phenomena that vary with density. Tn 
a perfect vacuum, there is no elcctricaT discharge; but the 
variations oT the discharge, in highly rarefied air, do not pro¬ 
ceed in exact accordance'with the degree of rarefaction. 

tfWe cannot always reason from ^ few st^ps in a series to the 
whola^series^ partly because of tho occurrence of critical points, 
and partly from the development at the extremes of now and 
unsuspected powers. Sir John Hcrschel remarks, that until 
very recently ‘ the formulae empirically deduced for the elas¬ 
ticity of steam, those for the resistance of fluids, and ofi other 
similar subjects, have almost invariably failed to support the 
theorpi\oal structures that have been erected upon them.’ 

The method of Conconjitant V^arifl-tions fs powerful in 
suggesting, as weUas efficacious in proving, causal connexions. 
The mind is apt to be aroused to the bond between two 
circumstances by encountering several conjunctions of the 
two in unequal degrees. Very ol^en, we are not alive to a 
connexion of cause and effect till unusual manifestation of 
the fene is accompanied with an nmfsual manifestatibn of the 
other. We may be usin^ some hurtfial article of food for a 
length of time unknowingly; the discovery is made by an 
accidental increase of quantity occurring with' an aggravation 
of some painful sensation. This is one form of the efficacy of 
an Extreme Case; an efficacy felt both in science and in 
rhetorhi- 

A remarkable case of Concomitant Variations is furnished by 
the discovery/of a connexion betw^een the solar spots and tka 
posiljiona of the planets. Thus, fts regards Venus, * spots arq ‘ 
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nearest to the soljir eqjjator when the heliographical latitude 
of Venus is 0®,’ and obverselj. • • * 

An iinpai’taut device J[oi* discovering, and also £<»• proving, 
laws of causation, consists in arranging things possessing, a 
coimnon property in fl,,serial* order, according tp the degree of 
the p^porty. jThua, •vo may arrange bodies according t(i 
their Ti’ausparency* or Opacity, According to ypecific Gravity, 
to Conduction *of Hiat and Electricity, and so on. We are 
then in apposition to deteCt any corre^onding incrdase itf 
some accompanying property, and thereby to establisl^a law of 
Concomitance or*causation. ^li’his method is dc^jiiignated, by 
Mr. Mill, Classification by Series, a^d by Sir G. C. Lewis, 
the Method of Continuous Comparis'Jii. The progress of Life 
in the animal scale ; the progress of mental development ill 
human beiiigp; the progress of civilized institutions, us 
Government, Judicature, 4*e Representative System,—maybe 
expressed in a series, so as to trace concomitant va^’iatioiia. 

Xt js greatly to be Resired that, in Physical Science, all the 
substances in Nature should be sot forth in distinct tabula¬ 
tions, according to tlie degree of cvCry important property* 
It wfls«whon trauspift'cnt bodies were arranged in the order •! 
their relractin^ power, that the connexion was* discqrered 
between high refracting power and combustibility. 

MliTIlOD OF "RESIDUES. * 

6. The canon of Residues is :— Subduct from any 
phenomenon such part as previous induction has #hown 
to be the effect of certain antecedents, afld the residae of 
the phenomenoffi is the^effect of the remaining antecedents. 

• . * . * . 

After a cert^iiu progress is n^ade in the inductive determina¬ 
tion of Causes, new problems are greatly simplified by sub¬ 
ducting from a complex sequence, the influence of known 
causes. Sometimes this ol^tself may amount to a complete 
elimination Such proceditre is styled the Method of Residues. 
It is an instrument of IJiscovery as firell as of Proof 

The method is syfhbolically illustrated thus :—Suppose the 
antecedents A B 0 followed by the consequents abc; and 
that by previous inductions, we have ascertained that B gives 
6, and C gives.c. Then by subtraction, we find A to be the 
\}ause of a. The operation is substantially the method of Dif¬ 
ference, afldihas all the dccisiverwess belonging to that method. 

^r John Herschel was the first to show the hnportance of 
studying residual phenomena} His examples are very stidk- 

5 
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ing (IntroductioQ to Natural Philosophy,,p. 156). Thus, 
the ret Qirdli tion of»the comet of Eiicke has been the means of 
suggesting, and may ultimately suffice to prove, tke existence 
of a resis^tiug medium diffiised throughout space. Again, the 
ol)servatioii of Arago—that a niagiTetic fleedl^, set a vibrating, 
^ sooner brougLt to rest when sugpendor!! pver ^ plate of copper 
—was the first clue to the disSovery of Magneto-EIectricity, 

The anomalies in the motion of Uranits led*Adams and'Le 
JT'errier t% the discovery of NeptuAe. ® 

The sfudy of the electrical odour was the first step to the 
discovery ofJ,he remarkable suibstance—Ozone. 

Sir G. C. Lewis repjarks that * the unforeseen effects of 
changes in legislation, oi‘of improvements in the useful arts, 
nlay often be discerifed by the Method of Residues. In 
coraparinff statistical accounts, for example, or other registers 
of lads, lor a series of years, we perceive at a certain period 
an altered state of circumstances, which is unexplained by tbe 
ordinary course of events, but which mtlst have some (^luse. 
P^r tliis res^diianj phenomenoyi^ we seek an explanation until it 
^ furnished by the im5idental o^Kiration of some collateral 
c%use. For example, on compaiing the accounts of liv,^ cattle 
and sheep iLnnually sold in Sraithfield market for some years 
past, it appears that there is a large increase in cattle, while 
the sheep are nearly stationary. The consumption of meat in 
London may be presumed to have increased, at least in pro¬ 
portion to the increase of its population; and there is no 
reason for supposing that the consumption of beef has increased 
iustej’ lhari that of mutton. There is, therefore, a residuary 
phenomenon, viz., the stationary 'numbers of the sheep sold 
in Sipithficld—for,which we hav^e to find a cause. This cause 
is the increased transport of iflead meat to the metropolis, 
owing^ to steam navigation and railways, and the greater 
convenience of sending mutton than beef in a slaughtered 
state.’ 

The question as to the existence of a special force of Vitality— 
the vital force, or the viftil principle—takes the form of an 
enquiry into a residuum. We have first to make allowance 
for the operation of all tbe known forces‘of inorganic matter; 
and when these have beetk exhaustively compnted, tbe re¬ 
mainder may be set down to a special influence, or vital 
princijje. For anything we know at present, the inoryanio* 
forces, operating in the speniaUcollocations of organdzed bodies, 
may be compitent to produce all the observed effects. 

iUie only proof of an exb£rustive Analysis, whether ia 
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material actions or in mental processes, is there beyag notliing 
left. Thus, in the Human Mind, it is disputed whether there 
be a separate and uuiqua faculty, called the* Moral ^’acuity, or 
the^ Moral Sense. JSTow,#there can be no ^oubt as to the 
presence of common elements of Feeling, Will, and Thought, in 
our moral judgments ^nd acPiojjis ; as, in the case of tho^vital 
.pr^ciple, the ^question is, what remains, when these .are all 
alk>wed fqip. The same application of the Method o^ Residues 
occurs in the controversy as to lustinots, and Innate Ideas* 
<loes Experience, concurring with the usually admitted Intel¬ 
lectual Powers, Account for th^ whole of the fuefcis ? 


CHAPTER VTI. 

* 

EXAMPLES OF THE METHODS. 

• 

Tfie* Experiment^ Mcthbds have been regarded mainly4is 
instruments of Elimination and Proof, or of sepanating^irrele¬ 
vant accompaniments from causal accompaniments. In their 
working, however, they nnavoic^bly lead tojnductive generali¬ 
zations, in which aspect they are methods of Discovery. The 
.same Starch for instances, the same comparison of them when 
found, both conduct ns to new principles or law^ and prove 
them when once attained. Still, it was nat desirable to,keep 
up the double illustration Jhrougliout. In the miscellaneous 
examples that are to follow,.occasional allusion will be jnade 
to the procedure suited to th* discovery of generalities. 

The proofs adduced to, show that the mode of action, in 
Smelling, is Oxidatiou, ma|r be quoted in illustration of tho , 
Methods.* The phcnomefion*i8 one of great interest, anfl of 
some perplexity. The following im]|!brtant facts were indicated 
by Graham. , 

Th& sweet odours are duo to hydro-carbons, as the ethers, 
alcoliol, and the aromatic perfumes. Now, all these substances 
are highly oxidizable at common temperatures, being speedily 
'decomposed in the air. Again, sulphuretted hydrogen, the 
xnc^t familtar.of malodorous sabstances, is readily oxidized, 
a»d is destroyed in that jnauner. These ar4 instances of 
Agreement (in presence). 
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A fartbe\; instanco of AgreemcDt is shown in tlie decomposi¬ 
tion of hydrogen compounds, in the act of causing smell. 
"When a snnill quafttity of seleniurettcd hydrogen is inhaled 
by the nose, the Metallic selenium is fou^d reduced upon the 
lining membrane of the cavities, 'iflie sensation is an intensely 
bad s«iell.‘ 

A remarkable case of Agreement in Absence i^ furnished by . 
the marsli^gas—carburetted hydrogen. Tfiis gas ha^no sm^l. 
•^s the pr^)C)f of the cojicurring absence of its oxidation at com¬ 
mon temperatures, Graham obtained it from the deep mines, 
where it existed, for geological*ages, in contitet with oxygen. 
Agaivi, hydrogen itself, if^tained in purity, has no smell; and 
it ^ocs not combine with oxygen at the usual temperature of 
the air. 

An instance approaching to Difference is the 1«1 lowing. If 
oxygen is excluded from the cavities of the nose, there is no 
smell. Also, a current of carbonic acid arrests the odour ; an 
intiucnco wlycli may (altliough not with absolute certaihty) 
be fiupposed hostile to oxulation. 

• To make the evidence complete, it is b^quisite that al^the 
infftances of the efi'ect should bo of the same unvarying tefior, or 
that there slfbuld be no exceptions. Until every apparent dis¬ 
crepancy is reconciled, the facts are inconclusive, A seeming 
exception is the pungency of oaowe, which is looked upon us a 
more active form of oxygen. Kow we can liardly suppose that 
ozone combines with oxygen ; a more likely supposition is 
that, by,its twperior activity, it combines with the nasal mucus. 

The research into the cause of Devwhas be^n used by Sir 
John •Herschel, and again by Mr.*Mill, as a happy example of 
oxpci’imental elimination involving nearly the tsrhole of the 
methq^ls. All the stages •of this inductive determination are 
highly instructive. • 

first point is to settle preckeW the phenomenon to be 
explained. •This is an exercise of Definition, and caif never be 
too rigidly attended to. iTicre is some'daijger, in the present 
case, of confounding the effect with certain other effects ; and 
hence the expediency of defining by an exhaustive fonifast. 
Well, Dew is moisture; but^hat moisture is not rain, and not 
fog or^mist; it is moisture spontaneously appfearing on the 
surfacetef bodies when there is no visible wetness ip the air. 
In a perfectly clear and cloudleSs night, there may b*e acopiewaa 
moisture on tHe surface of the groupd, and this moisture is the 
thing to be accounted for. 



•research .qn dew. 


69 


Now, the problem being given as an effect, with the causfe 
unknown, we cannot ^nako experiments, Tjntil a cause is sug¬ 
gested. This is a pure effort of Discovery, prepar;jitory to the 
application of the methods of inductive proof^ On the various 
occasions when de\f appears, wo must look out foi*^ tho atten¬ 
dant ck’CumstaSces^^w^th a vjew to their succeftsive elimination. 
We tnow, for example, that* dew appears chiefly at ^ight, 
\fhich would? suggest some of the circumstances connected 
'\^ith nig4it-fa11, as darkness, cold, and any of the c(Aicomitaiys 
of these. That darkness is not the c£tuso could be shown if 
'either dew appears before su^iset, or if it ever fails*to appear 
at night. As the last alternative is very f^eqflent, we must, 
so far as the Experimental Method^' are concerned, pronounce 
against darkness. There would theft remain the agencyb of 
Cold. 

Farther, in this preliminary stage of looking oift for a pos¬ 
sible cause, we need not confine ourselves to the actual pheno- 
itrle|ion. In the c#nduct of the research, as reftorded, much 
stress was laid upon the reference to analogous* or to 

other cases where nyoistui*e spontaniously appears on surfhees, 
in ith^ absence of risible wet. All such analogies are valuable 
for suggestion or discovery, in the first instance^ and for proof 
afterwards. They are these:—(1) the moisture tlialfgathers 
on cold stone or metal when breathed upon ; (2) tho moisture 
on the outside of a tumbler flf spring waiter fresh from tho 
welljn hot weather; (3) the moisture that often appears on 
glasses when brought into a hot room full of people j (4) 
what ai)pear.s on tlie inside of windows whAi a«room,i8 
crowded, and during changes in tho outsVlo temperatuto ; (5) 
what runs d<?wn oui"* walls, espflcially outer passages, when a 
warm raoist^thaw succeeds fb frost. All tflese cases cori*cspond 
to the definition ; and their comparison is likely to indicate 
some circumstance to be subjected to experimental elimination. 
To take the first instaned*—the breath upon a cold metallic sur¬ 
face ; t|ie warmth of tfae'air and the coldness of the s^irfacR* 
are obvious accompaniments. S^o of the othef’S would sug-^ 
gest the same conjunction, while all are compatible with it. 
Now, this is the situation already suggested by the original 
phenomenon, the dew at night-jrall. Consequently, we are in 
a position to proceed^experimentajly ; we can try the cooling 
down of surfaces under variation of circumstances. , 

An experiment will tell us whether the coolifig of the 
^fturface be sf uniform fact, in'the production ^f dew. Lay a 
thermometer on the dewed,gras8, hanging another in the air; 
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and repeat this on many successive nights, actual result 

is that whenever a# surface is dewed, it*is colder than the air 
around it. #This is^ proof from Agreement; but proofs from 
Agreemejit, unleis they can be muttijfllied through all nature, 
in 9.11 climes, seasons, and situatiotJfe, wiH no^ of themselves 
decitle eith.er causation, or univer^l coijiqjdon^e. 

*By*varying the circumstances, we can bring to bear the 
other methods. We may, for example, •try Agreement In 
.^sonce ;*that is, make the same^ appeal to expei^ment m 
Tiights whtjro there is*no dew anywhere. The phenomenon, 
however, would be found to evade this test;#there would be 
cases of actual cooling of surfaces below the temperature of 
the air, and yet without c^w. Hence the necessity of a dif¬ 
ferent course of proceeding. 

Observation reveals to us the fact that on the same night, 
and in thtf same spot, some surfaces are dewe(f, and others 
not. This holds out the prospect of an appeal to the Method 
of Difference? On the surface of a plate of^glass, there may be 
dew, while orPa polished metallic surface, there is none. Unfor- 
tunS,tely, however, such a«couple is »ot syited to the canon of 
ifij^oreuce. The points of diversity between glass and metal 
are toojiuraeiUpus to comply with the stringent requisite of that 
canon. * We must, therefore, shift our ground once more. 

It being apparent that the nature of the material enters 
into the effect, leff us expose* a groat variety of different 
materials—metals, glass, stone, wood, cloth, &c. We now 
find that there is a scale of degree ; between the extremes of 
na dew aind copious ^ew, there is a gradation of amount. The 
enquiry then arises, is there any* other property of these 
different materials varying in concomitance with their being 
dewed ? Does their temperature (which is the qIuo that we 
are going upon) change in exact accordance with the amount 
of dev^^? There was here scope for a direct appeal to the 
^Jhermometer. We have not, however, to record the issue of 
^ such •an appeal; the history of tlie research pursues: another 
and more eifeuitous route for arriving gt the conclusion. It 
so happened, that the experiments, begun by Sir John Leslie, 
upon the conduction and the radiation of heat, .came in tp the 
aid of the present enquiry;, and the use made of these is 
sufficiently illustrative of'the canons.of Elinjination. It 
appeare4|j on the comparison of the various materials, that the 
rate of becoming dewed varies .inversely with the sondueting 
power of the sj^bstance ; the good conductors—the metals— 
are not dewed, the bad conductor^ are dewed according to 
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their badness as jconductors. This is the method of Concomi¬ 
tant Variations ; wha^ it points to will be «een presently. 

It is next desired to ascertain how far diffcronot) of surface 
operates, material being the same. The comparison shows 
that rough surfaces*g.re mere dewed than smooth, and blhck 
more JJtan whjte. Jasteadrfjf the direct tesf of the thermo¬ 
meter, the appeal .here also is ^to Leslie’s experiments dh tfie 
rjfdiation of heat from surfaces; those surfaces that are most 
dSwed—fough and black-*-are the best radiators offieat. T^e 
interpretation of this will be tjiken with the foregoing. • 

’ In the meanti^jie, make another variation, namely, ^br texture; 
compare the compact toxlures of metal, stone, woocl, velvet, eider¬ 
down, cotton, &c.; the compact boc/ies are little dewed, m the 
comparison, the loose bodies, much, l^ow, as regards heat, *he 
loose bodies are very bad conductors ; they resist the passage 
of heat through them, an^ are therefore chosen as Clothing. 

Let us now seek the interpretation of these three last re- 
Rullip of Concomitant Variations. The first and third relate to 
bad conduction of heat as a concomitant, the setond to good 
sui’face*radiation, l^ow, l)oth circumstances point to one re¬ 
sult, Jhat is, surfacm coolingy in a cold atmosphere. A sur^co 
is cooled down by a cool contact, but if heat if^rapidly sup¬ 
plied from within (which is good conduction) tne losf heat is 
made good, and the fall of temperature is delayed, until the 
interior has cooled also. In bad conducftors, the loss is not 
made.good in the same way, and the surl'ace temperature falls. 
Thus, bad conductors sooner become superficially cold, in a 
cold atmosphere. Next as to Radiation. ^J’ho explanation 
here is still more easy. Good radiation is, by implication, sur¬ 
face cooling ; •bad ratfiation, as from a polished metal surface, 
is retention pf surface heat.* We thus come round to tfie con- 
clusioti, which a scries of trials by the thermometer would 
have given at once, namely, that surlaces become dowedtxactly 
ns they fall in temperatufe. To all appearance, therefore, w^^ 
have estgiblished a link of connexion between cooling amkdew. . 

The appearance is^ot the reality. There is ^ill outstand¬ 
ing the fact that the same fall of surface temperature will not 
always bring put bow. Neither the same absolute surface 
tempemture, nor the same difference between the surface 
temperatm’e ^and the. air temperature, is constantly followed 
by a deposit of moisture. We have hero obviously 
circumstt^uce, whose investiggition should next follow. The 
jftstances where the same thermoraetric differen|ge is unattended 
with dew need to be stuflied by exactly the same routine as 
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*has now been followed. We must look out ^or the suggestion 
of a possible agency ; and next subject that to experimental 
trial, with*, view proof or disproof. This residuum would 
h&ve’givjen rise tp a very arduous rese*arch if it had been left to 
experimental determination. The* flifficvflty y^as conquered in 
another way. Already (1799) had Dalpublished hkj theory 
of A(fueous Vapour, or the Atrafosphere of Steam, which was the 
missing link in the explanation of Dew. His positions were— 
Uiat the jftjueous vapour contained in the atmosphere is vari- 
’able in Amount, according to circumstances, and that the 
amount is liniited by temperature. To each degree of temper¬ 
ature corresponde a certain amount, wliich is the saturation of 
the air at that temperatul*e. An amount equal to one inch of 
mercury is sustained aC 80®, half an inch, at 59°. Supposing 
the air saturated at any one moment, a fall of temperature 
will lead tf> precipitation as visible ijjioisture ; bul as the air is 
not always saturated, a fall of temperature will not bring 
dew or mist^ unless the fall e.xtcnds below the degree corres¬ 
ponding to •saturation, called the temperature of the Dew- 
Ijouit. This is the residual circumstance^, the thing wanted to 
cojpplete the proof of the connexion of dev/ with surface cbld- 
uess. , ^ 

The present instance is a case of Cause and Effect; as may 
be shown in various ways. In the way that the case has been 
stated, there is notT apparent n*ny transfer of energy^ which is 
the best criterion of causation; but underneath the appearance, 
we find there is such a transfer. Heat is necessary to convert 
v«ater itito steam, f^nd this conversion is an instance of the 
transmutation of power according to a definite rate of exchange. 
The withdrawal of^the heat is followed by the re-collapse of 
the invisible vapour into water pr visible moisture. So that 
the prndnetion of dew is ^clearly a sequence under the great 
law ol^transferred energy. Other proofs of causation are dis- 
^pensed with by this decisive consideration. Mr. Mill, however, 
remarks, as a distinct criterion of/;an«eand effect, asiwell as a 
means of settling which is tause, and wl?ich is effect, that cool¬ 
ing is a consequence of known and independent antecedents, 
and therefore cannot be set down as consequent on the occur¬ 
rence of dew. 

The ^ext example is of value as showing the Experimental 
Methods in their purity, or in, the absence of alh deductive 
applications laws, such as completed the enquiry into 
cause of Dew. - ‘ 
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On the 16th May^lSGl, Dr. Brown-Sequard delivered the* 
Orooniaii Lecture before the Royal Society, and 4«ok for his 
subject thfe ‘ Relations ^between Muscular, Irritability, Cada¬ 
veric Rigidity, and Putrefaction.’ In this iaie adduced'facts 
to maintain the^foIlovj{ing*jK)sition:— * * 

* T!^greater J^he dsgt'ee of muscular irritability at ike time of 
^ death., the later the cadaveric Agidity sets in and the lorfger 
la^ts, and the later^Iso jputrefaction appears and the slower it 
progresses* * • ^ 

, By muscular irritability is meant muscular powflr or apti-* 
tude for contracting. A mam fresh in the morning for his 
day’s work would be said to have a good store of muscular 
irritability: at the end of the day’s work, the stock is com¬ 
paratively exhausted. It would of eburse be still more ex¬ 
hausted aftqr protracted fatigues continued through many 
days. . . . ... * 

.The cadaveric rigidity is a stiflening of the muscles that 
occurs in all animals some time after death. Tlfe time when 
the stiffening begins, and the duration of it, are*variable, and 
Dr^ Brown Sequarditries*to establish the law or cause or coji- 
ditiort of this vari^ion. This he does by a series of observa¬ 
tions, whose force will bo appreciated by noting.how ^r they 
oomply with the exigencies of the experimental mcth(fds. 

First set of Experiments. — Paralyzed muscles. Here he has 
two connexions to establish, in order t& the end in view. 
He fit'st shows that the paralysis of a muscle leaves it for a 
time with more irritability than the unparalyzed or exerted 
muscles. Ho paralyzed the muscles of pne leg in ^ dog, Jsy 
.section of thp nerve^ Pive h^urs afterwards the (log is 
killed (by asphyxia). In tl^ paralyzedmpscles the irritability 
lasted ten liours ; that is, was possible to induce contrac¬ 
tions in them (by stimulants) up to.that time. In the healthy 
leg, the irritability lasted only four hours ; in otholf words 
was very much less. iJqw compare the results as regardg^ 
Rigidity* and the delay df Butrefaction— 

J)uratioD of irrit. Duration of rigidity. 

Paralyzed M. . * 10 hours 13 days 17tli day, 

Hrfiltlfy „ 4 „ , 5 „ 7th „ 

Here then, is an experiment clearly of the nature of Differ¬ 
ence ; for two legs of the same animal were comp^ed, and 
tjie only difference was the paralysis of one of them. It is 
•true, as in all cases of vivisection, that an exj|^riment of Dif¬ 
ference must always be received with caution, seeing that 
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other changes may be made by the means ^aken to produce 
the difference. Yei, at all events, here is a strong presumption. 

The doctrine is confirmed farther by another aspect of the 
paralysis. If an animal is allowetf to live a month after 
pafalysis of a member, the paralyzed mi^lbles |.re then inferior 
in irritability, and when compared under those^ circumstances, 
tfiey t>ecome rigid and putrefy^ooner. 

Second set of Experiments,—Effects of*diimhution of t^-’ 
p^ature iJfipon muscles. —Dr. Browd-Sequard had determined, 
"by previous experiments, that cold increases the vital proper¬ 
ties of the nerves and muscles—«. fact on which the stimulating' 
power of cold upon the animal system depends. He now 
applies this fact to the enquiry in hand, 

^wo kittens of the sa\no litter were placed in different tem¬ 
peratures. After death, the following differences jvero discern¬ 
ible. The*one, kept at a temperature of 98®.6, assumed the 
rigidity in 3^ hours ; this lasted three days, putrefaction 
commencin^iu the fourth. In the other, Tvhichhad been kept 
so cool, that‘a thermometer inserted in the rectum stood at 
7^“,* the rigidity was delayed till the 10th hour, and lasted 
niqp da 3 'S, putrefaction commencing*on the tenth. This eetperi- 
ment ^yas repeated with many animals, and is also an experi¬ 
ment according to the Method of Difference. This is the 
general principle of the fact known in hot climates, that the 
dead putrely almolt immediat*ely attcr death, and must be 
interred without a moment’s delay. The relaxation »f the 
vital powers in hot climates is only a part of the same fact. 
The full*expfanation,of this point, or the resolution of the law 
into still higher laws is not j^et fully ma^e out. 

Influence of deatfi hy lightning and galvoMism. — It was 
thought by John Hunter that animals killed by lightning did 
not stiffen. This has beei^found not the case. Still there are 
instances where the rigidity has either not set in^ or been of 
^s^o short duration, that its existence has not been traced. 
^Lightning may kill in various ways r-^lst, By fright ;*2nd. By 
haemorrhage; 3rd, By concession of the brain. In all these 
three modes, there ought to be a manifestatfon of the rigidity. 
But there is a fourth mode, which is to convulse all, the 
musclqp so violently as utterl^fc to exhaust their irratibifity * in 
which case the rigidit^^ may fail to be 4ioticed.. This is the 
way tha{^ galvinism acts upon animals. 

Experiments were accordingly tried by galvanizing the 
limbs of Elablj|ts; comparing the galvanized with the un-# 
galvanized limbs, with respect to the time of rigidity. 
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Galvanized Limb. Nut Galvanized, 

Duration of Irritability, 1 to 20 miautos. , 120 to ^00 iiiiii, 

„ , of Rigidity, 2 to 8 hourt;. 1 to 8^lays. 

Putrefaction advaiicedi within a day. several dreys.. 

The experiments "v^re repeated on dogs with the very sa'hie 
results. • . 

Also, guinea-pigp were subjected wholly to galvanisnJ, but 
•in*dillerent degrees. In those powerfully gahanized, the 
irritability lasted a short titne, and the rigidity was eSrrespon^- 
ing rapid and brief. With a less degree of galvanism, tAie time of* 
looth phenomena was protraq^;ed. We have, therefore, au 
additional corroboration of the law, still by the powerful 
Method of Dillerence. 

Injluence of prolonged muscular exei^ise. — This, of course, 

is a cause of diminished irritability. Now, there are well- 

ascertained facts that connect prolonged exertion Vith rapid 

putrefaction. Over-driven cattle and animals hunted to death 

puti;ify speedily. So in cocks killed after a figltt. Soldiers 

killed in a very prolonged tight show the same phomnnenou. 

The rigidity is quick^)" over, ;md tiie*putrofaction rapid. * ^ 

Tli(j,se aro instanees of tl*o Method of Agreement. ^ 

Itijiuence of mitrilion on muscles. —Dr. Brywn-Sgquard 

here collects confirming instances, from the compailson of 

cases whore death happens in a well nourished condition of the 

muscles, with cases where deatlfhiid been pil'ccded by inanition. 

Thus,*when men strong and fresh have been killed suddenly, 

the rigidity and putrefaction have appeared very late. A case 

is I’ccorded of muscular irritability coiitiuujng twenty-f^x houitj 

in a decapitated man. •Hero is Agreement in presence. 

Compare thosfi instances with others of persons dying of slow 

exhaustion, %nd the apjiearapce is reversed. A man dying of 

prolonged typhoid fever, for example, was found to show no 

trace of rigidity, and putrefaction commenced in less than au 

hour. This is Agreement in Absence. 

^ • ... • 
Influer\fie of Convulslotis on rigidifg and ])utr''factinm —It 

appears that muscles jpuch attack(*l with cramps before death ' 

speedily give way*to putrefaction. 

Certain poisons (as strychnine) sometimes produce con- 

vulsions before death, and in those cases the rigidi^" and 

putrefaction progress rapidly. 

Such is an ample body of evidence from obsorvatwn and 
experimfertt to establish the position laid down. The Methods 
pf Agreement, of Difference, the Joint Method, ^nd the Method 
of Variations, have been tfll brought into play. And if there 
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are any doubts about the decisiveness of the experiments on 
the Method of Di^ereuce, from the polsibilily of making other 
cha-iges jjesides the one intended, these doubts are dispelled 
by the coincidence of results from*so many distinct experi- 
nrents, ’The research is purely tfductive. No consideration 
of a Deducti'^e kind has been^ intro^iyced f although there 
hre general considerations that give grea^; probability to the 
concltsion. Muscular irritability is ^he living condition 
^f the muscle—its vitality—whifch may bo greater or less; 
and thei greater it is, the longer the muscle will retain its 
living Characters, or the longer it will be,in passing to the 
characters Sf ^eath, which are rigidity and putrefaction. 
These, therefore, are delayed by fulness of vitality; while loss 
of vitality hands the system over all the sooner to the 
destroyer. 

« 

When we form conclusions, on an insufficient employment 
of the methods of elimination, we commit Fallacies of Induc¬ 
tion. Of these, numerous examples might be given, and the 
j)i*opcr place for them isi in the course of the exposition of the 
^lethods themselves. As it is still the custom, howij^vor, to 
retain, in works of Logic, a separate chapter or book on 
Fallacies, we shall re.serve for that part of the subject, the 
instances of Inductive fallacy. 


CHAPTER‘VIIT. 

FBTJSTRATION OF.THE METHOBS. 

• 

1, *fii the Inductive Methods rs hitherto contemplated, 
* two conditions have been supposed; first, that an effect 
has*only ojie cause, or sgt of antecedents ; secondly, that 
different eftects are kept apart and distinguishable. Both 
conditions mav be wanting. 

t/ O • ^ 

In the method of Agreement, for example, it is assutbed, that 
the effect a has only the 'cause A; should A jaud C both be 
causes,^the method would be defeated. The absence of A 
would not prove that it is noj: a cause ; for the e-ffoct might 
still be due t(^0. The special difficulties attending this ca^e 
must now be considered. 
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Again, the effeqts ah c are supposed to stand out dislin- 
guishable. They may, ^however, be fused •or united in one 
simple elfect 2 a c, or H a. This is the interryixture ©f Ettects ; 
and is still more baffling 1o the inductive metl^ds, as hithbrte 
givAi. 

.PLURALITY gF CAUSKS. 

2. In i^any instances, Jhe same ellect is produceef by a 
PLURALITY OF CAUSES : as Motion, Hei\t, Pleasure,*i)eath. • 

* Bodies are pntjn motion byjjll the different agencitJS termed 
Prime Movers—animal strength, wind, vvatei*, stSani, combus¬ 
tion (as in gunpowder), &c. Finding a hotly in motion, 
therefore, wo cannot ascribe it to any specTaT a^nl^ Simv^Iy 
from the fact that it is in motion : we s^e a wheel turning and 
doing work, but we may iiot be able to attribute its»motion to 
one agent rather than another. In like manner, there are 
varigus sources of Heat; the solar ray and comibustion are 
the most familiar ; but friction and electricity are also sources. 
Hence the fact of the.evolution of heg,t does not point out the 
cau3b i as an examjdc, uncertainty still attaches to the immedir 
ate antecedent of animal heat. * 

There are numerous causes of pleasure and of pain : •nume¬ 
rous modes of stimulating the nervous system ; numerous 
agencies of good health and of Ibad health ^ numeious ways of 
getting a livelihood ; numerous causes of death. 

It is to be noted, however, that the plurality in some of 
these instances is on the surface only. As regard^ Mo4ion, tlj^ 
law of the Persistence of E\)rce assigns a common origin*to all 
the so-called pfirne movers *, thesd*, therefore, are •proximate^ and 
not the ultin^^te sources, 'flio same law Sovors the pfoduc- 
tion of Heat, however vai’ious the apparent antecedents. The 
causes of Pleasure can be generalized into a small nufmber of 
agencies, if not into one. * Possibly all stimulants may, in the 
last analysis, be found te ^ave a common effect on the»sub-* 
stance of the nerves. ^The ways t« Wealth may lib apparently 
many, but we can "cover them all by one general expression,— 
earnyjg and saving* In Healtli and Sickness, there might 
possibly be generalized expressions of the many proximate 
causes. So 'vyith Death. 

Nevertheless, for practical purposes, we have to a*scertain 
not simply the primal cause, put the special embodiment of 
^Hat cause, on a certain occasion. It is not emough, when a 
man is found dead, to assfgn the stoppage of we heart, or of 
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• the InegB, or the extinction of the vital forces; we desire to 
know in \xhat forQi and circumstances fhese generalized causes 
were spccjalized ; ^whether by cold, by inanition, by poison, by 
mechanical violence, or otherwise. * 

*3. The chi^f consequence of* tluwility of Causes is to 
fiiisjji’ate-the Method of Agreement. * * 

Thef Method of Difference remains intact. Whatever be Vh©’ 
j^lurality ©f causes of motion, if wc#observe the intrdduction of 
- some ono agent followed by the effect, we know the cause in 
that instlince. There may be ^any ways of keeping up thd 
animal heat, t)ut. the transition from the temperature of b0° to 
30°, "by causing an immediate sense of chilliness shows that the 
external temperature is essential to comfortable warmth on 
that particular occasion. 

The optration of Plurality is to give uncertainty to the 
Method of Agreement. For example, we observe numerous 
cases of uniiealthy human beings whose parents were, un¬ 
healthy; this would be to a certain extent a proof from 
Agr-eement. On the otlntf band, nmny ijnhealtby persons aro 
fhe children of perfectly healthy poirents ; whence, concluding 
by the strict rule of Agreement, we should affirm that 
tinheafthiness in the parents is in no case a cause of unhealthi- 
ncss in the children ; that the two facts are not in any way 
-connected as cause' and effect.' The conclusion is obviously 
wrong; it would be correct were there only one cause of ill 
health ; it is illegitimate if there be many causes. 

^ PluraJit}’* is illustrated by our English spelling. The 
method of Agreement is nullified iri this instance. In certain 
words, the letters, ough agree with a 'peculiar sound, as iu 
‘ rough.’ The same word occurs with other letteiys, as in ‘ruff",’ 
and the same letters occur with a different sound, as in ‘bough.’ 
Whonoc, by the Method of Agreement, we should infer that 
there was never any connexion between either sound and 
'*ougb.’ A similar illustration is afforded by ambiguous 
•words. Th^word ‘ air ’ is ipoken in coippany with a musical 
melody ; at other times it is spoken where Vhere is no music; 
any one unprepared for plurality, and following out Agreement, 
would conclude that the connexion with music was'pmely 
casual^ that there was no .fixed bond of union, between the 
two. We acquire the meanings of the vocables of our language 
chiefly by the method of Agreenjent. We gradually*eiiminate 
all accompaninnuts that may be absent consistently with th'tv. 
employment of each word. Wo‘find, after a number of 
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repetitions of th^ word * fire ’ in various connexions, that the' 
one fact common to alf is blazing combnstien with.hoat. We 
learn in course of time to extend rhe wo^d to iqptapborical 
significations. These bmng conjunctions of ppre oo-existbuoo, 
wiehout causation, Cannot be dealt with by flny otilier 

method while Jhe ocgurrenpe of plurality, even when utidor- 
fitood and allowed for, is a sesious and painful distraotfbu to 
tl^ inductive process. 

Again,* p ressure on tW brain Js a cause of insfensibilit^; 
^et, as we find insensiHiirty where therrfhas been no* pressure,* 
we should say, according to. Agreement, that pressure is not 
a cause. In the same way, every one of the ctfbses might bo 
proved not to be a cause—deficiency of blood, excess of’dark 
unhealthy blood, rupture of the nervohs continuity, &c. • 

Extraordiyary facts have come to Ijght showing the possi¬ 
bility of exerting the mgntal powers, under disefso of very 
large portions of the brain. These facts would seem to 
proire that such pafts have no share in the menfal functions. 
The safer inference is that there is a plurality of tiervous seats 
or tracks for the same functions. St has long been supposed 
thjil} 4he two hemispheres have common functions. * 

The discussion of the problem of Beauty i.s often rendered 
fruitless by the neglect of Plurality. The attempt is tnade to 
assign some one circumstance j3roscnt in all beautiful things— 
as Colour, Harmony, Fitness* Unity, Suiggestion of Mental 
qualiMes. Now, by the unqualified method of Agreement, 
every assignable circumstance could be disproved ; with refer¬ 
ence to each one in turn, would it bo possible tS find objeg^s 
of unquestioned beauty where that one is not present. TTelFrey 
thinks it a sufl^cient refutation of the Uioories ho opposes, 
to produce beautiful objects ;^here the alleged source of‘beauty 
is absent. 

• 

4. The counteractives to the failure of Agrcem*ent, in 
the case of Plurality,(1) great multiplication of in** 
stances, and (2) Agreement iii^absence, that is, the Joint] 
Method. • 

(i) One remedy h)r the failure of the Method of Agreement, 
xinQer* Plurality, is multi^licaiion of instances. Tins will 
operate in Marions ways. It will tend to bring out all the 
causes; which is one desirable issue of Plurality. ^ An ex- 
tended•stotiaties of Crime-or ftapeosp will show na the pos- 
»sible ageficies, by giving a wide scope for eliyamation. 1 he 
long experience of medfieal practitioners has taught them 
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■nearly all the possible causes of the greater number of 
diseases, ^t this ^tage of exhausted jHuralily, the only point 
for enquiry, in the special instance, is—Which of*the canse.s 
are present, and^are these I’ree to opefate ? Knowing, all the 
contributfng causes of Pauperism, ash* which of these occur 
in England, in'Ireland, or in Scptlani^ ^nd are they»^ree or 
uncounteracted ? Being awaiie*of the varipus antecedents of 
dyspepsia—bad food, too much food, too little fooU, bard labofir,, 
want of exercise, intemperance, mental wear and teaf, bad air, 
^i*hot climate, &c.—we can judge what brought on the disease 
, in a giveft instance. , • 

^ If we do ifbt jknow which causes are present on a given, 
occatrion, and whether those actually present arc counteracted, 
rag.re Agreement is wholly fallacious. The fallacy named jpost 
hoCy ergo propter liocy ic^n abuse of Agreement, where elimina¬ 
tion is vitiated by Plurality, as in a great number of political 
inferences. It is remarked that Protestantism is accompanied 
with superior industry; the instances attainable are inspfli- 
cicnt in number to eliminate other causes. 

(i) The other remedy i^the Joint Methpd. We should seek 
ciht cases of Agreement in ahsencey which awe of a voi’y docifeive 
uafurc. If in all cases where a particular effect fails, one par¬ 
ti cularVause‘'is absent, there is, in spite of possible plurality^ 
a strong presumption that the two circumstances are cause 
and effect in those •instances. • The reason grows out of that 
close approach to the Method of Difference furnishiKl by 
Agreement in absence. Although there are various causes of 
b|fbt, yel; tho union of agreement in presence w’ith agreement 
in absence is suffiofently decisive of the connexion of light 
with a high temperature. The special* conueiions of light 
with low tomperatule are not dehied; they are admitted as 
exceptions to agreement in absence, as a residuum to be ac- 
couute<J,for. We know ont? cause thoroughly; we find there 
are other causes, as yet imperfectly‘known, which have this 
•uncertainty, namely, that a body at*thp common temperature 
tof the air may possibly be li^ninous. ^ 

THE INTERMIXTURE OF EFFECTS. 

■ r 

5. The Methods of Elimiuption suppose different bfifebts 
to^ renfain separate jiiid distinguishable ; whereas cases 
arise where the effects of different causes unite in a homo¬ 
geneous total. 

When, in an •aggregate phenomenon, distinguishable ante- 
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cedents produce distinguishable consequents—A B G giving 
a h Cy and A D ’E gifiug a d the experimenW methods 
operate to advantage. The combination qf wind, rain, and 
increased temperature, pfoduces a combiuatiojj^ of distingflish- 
able efiects—waves o» the irqrface of water, flooding of streams, 
the sensation of^arm^h. 

In other easel, anA ^hese vqjry numerous, the effect of the 
■setieral causes* is Lymogeneous, and is merely increased in 
anfount by the concurrenc^e. The sea is fed by innumerable 
rivulets. The wind often concurs with tidal agency, so as 
to produce a hig|;|,er tide. A Ijpdy propelled by sevePal prime 
movers, as when a train is nrjjjed^ bv three locomfltive engines, 
shows only one efieot, velocity of movements TEo hi^n’s 
path is a resultant of the attractive forces of the snn aod 
the earth combined with its projectile movement. The path 
of a comet i# the resultant of many influences; ii does not 
bear on the face of it the eltory of them all. An invalid repairs 
to laome salubrious spot, and plies all the means oS restoration 
to health; many influences combine to the res^ilt, but the 
efl’ect is one and indivisiblp. ^ • 

h still more perjjlexing situation is the conflict of opposing 
agencies. In an equal balance nothing is seen, and yet grfet 
powers have been at work. In unequal contesti thertf is an 
efiect; but that effect does not suggest the fact of conflict. A 
trader has a net profit at the end of the year; the statement 
of that however, gives no information of his expenditure 
and receipts. The patient may be under various healthy 
s timulant s, each working'Tts'~pr6jper“eflect'; bil|jSQme 
noxious agency may countiract the whole? • 

■Natural agencies dan ftever bb suspended; they may be 
counteracted by Opposite agents. The fortse of gravity -is not 
interfered with when a ballodh rises, it is merely opposed by a 
greater force ; it still operates but in ^ different form. Ipstead 
of causing the usual appearance, namely, the descent of bodies 
to the ground, it operate^ flb diminish the effect of an upward* 
force, the buoyancy of the air (itsglf an indirect consequence 
of gravity). • 

A counteracted force is technically said to exist in tendency. 
There is a tendency in all bodies to descend to the ground ; in 
water to find its level j in the mdoi\ to move towards the^arth, 
and towards the sun. There is a tendency in human beings to 
seek thek* ,own interest; in despotic sovereigns to abTOe their 
nOwer. The tendencies are not*annihilated wheji they fail to be 
reali/^ed; they are only counteiacted by some oppo^ng tendencies. 
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■ ■ A farther oircunistaoce working to invalidate the operation 
of the meU^iods is ^he miifualitif of caitsS and hfect. In political 
causation, this is illustrated by Sir G. C. Lewis astfollows ;— 
‘•It happens sopietiraes that when A relation of causation is 
established between two facts, it,iS hard to decide which, in 
the given_case,'is the cause and which Jhe effect, because they 
act fcnd re-act upon each other, each phqnohierion being in 
turn cause and effect. Thus, habits of igdustry may prodfice* 
wealth ; \rhile the acquisition or^aTFITmay promote industry : 

* again'i habits of stutfy may sharpen the un derst anding, and 
the incr^ased^cuteness of the, understanding'may’anierwardS’ 
increase the Appetite for study. So an excess of population 
mayj by impoverishing the labouring classes, be the cause of 
their living in bad dwellings; and, again, bad dwellings, by 
deteriorating the mvral habits of the poor, may stimulate 
populatiow. Tlie general intelligence and gootl sense of a 
people may promote its good government, and the goodness of 
the government may, in its turn, increase the intelligence of 
the ])eople, smd contribute to the formation of sound opinions 
arriong them. Drunkonpess is in general the consequence of 
u low degree of intelligence, as mey be observed both jimOng 
savages and in civilized countries. But, in return, a habit of 
drunkenness prevents the cultivation of the intellect, and 
strengthens the cause out of which it grows. As Plato 
remaiks, edneatios improves ‘nature, and nature facilitates 
education. National character, again, is both effect and 
cause; it re-acts on the circumstances from which it arises. 
Xh e naiion^ peculiarities of a people, its race, physical struc¬ 
ture, Climate, territo*y, &c., form oiiginally a certain character, 
which tends to cre 3 ,te cert aid institutioiTs, political and domes¬ 
tic, ih harmony ^ith that chdractor. These- institutions 
strengthen, perpetuate, and reproduce the character out of 
wbich*4hey grew, and s5 on in succession, each new effect 
becoming, in its turn, a new cause. Thus, a brave, energetic, 
‘*rei!%ss nation, exposed to attack"fri)m neighbours, ^organizes 
’ military institutions ; thesQ institutions promote and maintain 
a warlike spirit; this warlike spirit, again, assists the develop¬ 
ment of the military organization, and it'is further pr(unoted 
by territorial conquests and ^success in war, which may*h« its 
resultV-each successive effect thus adding to the cause out of 
which \t sprung.’ (Methods of Politics, I. p. 37-^. 

^ , • 

<5. The Intermixture of Effects is a bar to' the Experi¬ 
mental Methods. 
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If A H 0 D Gonspij-e to yield, not ah c but a; and if 
A B C P yield still a, nothing is eliminated, there* is no pro¬ 
gress. If a were precisely measurable, aftd if it^ variations 
corresponded defiuit|ly tc^ the removal of pSrtioulaj” ageuts, 
tho'Mothod of J3iffor*nce \vould cope with the case : the 
omissian* of A fqjlowed^by the reduction of a to | a,* woi^d be 
a ^roof that A,produoed ^ a. * But the Method of Agreement, 
in,its projaer charaflter of, varying the circumstance by ex¬ 
cluding some agents and including others, could not furni^i, 
C decisive proof, so long as a represented the sum (Jf several 
clfccts. • • • 

Now, as in many departments, effects are thus incxtrioably 
blended, we should be at a stand-still, were wo not in posses¬ 
sion of some method more searching than Agreement. Even 
in the Inorganic Sciences, as Mechanics and Ohoijiistry, we 
have this complication ; in Biology, Mind, and Society, wo 
have it still more. A gQQ .d crop is a single effect the agency 
maybe multifarious! A voluntary^action may bj the result¬ 
ant of several motives. The rise and fall of prices, the general 
prosj)erity of a country, the increaSb of population, seldont 
depend on one cau5e exclrffeTvely ; ycl tbe^'effeef in each c*so 
is, to our eyes, homogeneous'. • ,• 

Concomitant Variations is the only one of the Methods that 
can operate to advantage in suph cases. Jf a cause happens 
to vary alone, the effect will also vary alone, and cause and 
effect Inay be thus singled out under the greatest complica¬ 
tions. Thus, when the appetite for food increases \jith the 
cold, wo have a strong evijjence of connexion between .tho^ 
two facts, altlyDugh other circunastances may operate in the 
same direction. • • ^ . 

The assigning of the respe«tive parts of the sun and moon, 
in the action of the Tides, may be effected, to a certain,degreo 
of exactness, by the variation of the amount according to the 
positions of the two attracting bodies. • 

By a sertes of experiments of Concomitant Variations, directed 
to ascertain the elimination of nifl'ogen in the human body 
under varieties of nyiscular exorcise, t)r. Parkus obtained the 
remarkable conclusion, that a muscle grows during exercise, 
and loses bulk during the subsecpient rest. • 

• « 

• For the first of the difficulties now illustrated—Pihrality, 
w^tli the’a!^gravation of counteracting influences—an import¬ 
ant instrument remains, an additional Method o4' Elimination, 
termed ‘Elimination by thfe Coinputatipn of Chance.’ •For 
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dealing with tlie same uncertainty, and for, the still greater 
(and ofteif acconfl)anying) uncertainty of Intermixture of 
EfFegts, the chief resort is to Deduct^n The two’’next chap¬ 
ters will Jjo occitpied with those tw(j subjects. 


• CHAPTER IX. 

CHANCE, AND ITS ELIMINATION. 

• 1. An important resource in eliminating the irrelevant 
antecedents or acc\npaniments of an effect is obtained 
through file calculation of Chancy or Probabifity. 

This is tp approach the problem of Induction from a novel 
aspect. Instead of varying the circumstances so as to procure 
the absence of the several antecedents A B C in turn, we 
^.onsider whetlier these Agents miAt not be present of tl^em- 
sdves without any regard to the ^eot in*question. Thus, a 
person diesmt midnight, when the sun is below the horizon 
and due north. Now, seeing that this event happens every 
twenty-four hours^as a consequence of cosmical operations, it 
must come round and must coincide with a great many 
things that happen on the earth. The fact of such coin(5idence 
is not gf itaoif held as proving causation or regular concomi- 
‘‘fanco with everything that happeps at that time. Before we 
presume a concurrence of eausation between jiwo coinciding 
things, we enquirl whether thai two thingiB are not equally 
liable to concur, whether conneoted or unconnected. 

Thp^night that Oliver ^romwell died, a g^at storm devas¬ 
tated Loridon.~ The coincidence might aH^TfEe mmds of the 
* superstitious, but there was no ^roof of causal connexion. 
Eacli ovent^grew duf oFits own independent series^of canses 
and conditions ; the one was a consequence of the bodily con¬ 
stitution and manner of life of Cromwell; the other was a 
consequence of the laws of the atmosphere. ‘They concurred 
in time, and that is all that Should be said regarding them. 

Every event of every man’s life must concur with some one 
position of the planets, on the supposition' of their being no 
connexion whatever. Hence, Such concurrences.prOve nothing 
at all; they ftre left out of account without even the trouble cf 
elimination. * 
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There are certain cases, where a cause fails to produce 
eSect, being connterabted by some other •cause. • A B C is 
followed By 6 c d, from^ which the inference, by • Agreement 
would be, that A is not the cause of a. Barli: is aduyni^tered 
toh patient in ^ue, l^t symptoms are not allevi&ted. The 
strict^pplicatipn of*the Method of Agreement would loud to 
the inference that, bark does* aot cure ague. Yet wo df) not, 
in practice, lose taith in medicines from individual failures. 
We are prepared to encounter exceptions to cases "of comp|i* 
^cated causation. The question then cdnies, how far is this to 
go ? How are «ve to be sure» of causes at all, if they fail to 
work their effects ? What difference can wo*draw between 
finch instances and mere accidental concurrences ? 

The theory of Chances, or Probabiftties, applies to both dthe 
situations nqw illustrated ;—the dropp^g without the trouble 
<jf elimination what wou^ be present whether aribther thing 
were present or not; and the proving of a causal agent, 
although not uniform in producing the proper eflfect. 

2. A chance coincidence is one where th 3i’e1ls no implied 
connexion of caqsfi an^ effect, or one that would -be the 
same* in the absence of any such connexion. • * 

Instances have been already given, and could be multiplied 
at pleasure. A person walking on the sea shore at a certain 
hoar every day, will, ou a given day, walk at low water; but 
the Concurrence is said to be a chance concurrence, as the 
person’s walking is not in any way regulated by the state of 
the tide. On the other hand, the concqiTence withTthe time 
of day is not^chance^ Tfiere is^a concurrence in both* cases ; 
the one without cause, or ^ matter of cl^nce, the other with 
a cause, and not a matter chance. 

If it is proposed to enquire wl^at coincidences are due to 
chance and what not, the method is dictated by the*^called 
rules of Chance. , 

Common sense suggdfets the principle of the solutions Wei 
know that low tide* coincides v^th a certain hour of the day* 
twice a month. ou a long average, the coincidences of low 
tide.and the personas walking on the shore happened exactly, 
twice *a month, we should say the relationship is^casual, 
accidental, or without any link of causation; for on the supposb 
tion of there being no connexion, this number of comcidences 
plight bdbur. through the laws of tides- If, on the omer hand, 
ithe two facts coincided daily, we should presuf!(^e a coincidence. 
iMo: cover, even if it did ndt occur daily, but once or twice a 
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‘week, this would be more than chance would account for, and 
there would, be a |)resuniption of a cat sal connexion, which, 
however, liable to be defeated or counteracted. ' 

•So*with the connexion between tlie walking and the hour 
of Che day. Suppose tlie person nt?ght A^alk at any time dar¬ 
ing fifteen.hours of the day, he would,,by mere chance, walk 
duriifig any particular hour, once every fifteen days on a long 
average. If in fact, some one hour coincided with the walking ‘ 
ojly once«in sixty clays, there woulti be proof of an* influence 
•hostile to'going out ah that hour; if at some other hour, the 
walking Securred six days in seven, there would be proof of 
positive connexion with tho said hour. 

Those obvious considerations are reduced to principles and 
ruies in the logico-mathematical science called the ‘ Doctrine 
of Chances or Probabl^ties.’ 

C 

3. The principle is as follows Consider the positive 
frequency ef the phenomena themselvdes, and how great 
frequency of coincidence must follow from that, supposing 
' thefi’e is neither connexion nor repugnp,nce. If there he a 
greater frequency, there is connexion ; if less, repugpafice, 

Thiif#may be called tho general case, as distinguished from 
certain modified cases to be stated afterwards. 

If we find from observation (Bufficiently extended to genera¬ 
lize the facts) that A exists in one instance out of every two, 
and that B exists in one instance out of every tliree; then, if 
A and B ai^ wholly indifierent to eacli other—neither con¬ 
nected nor repugnaht—the instances of A and B happening 
together will be (in the Arithmetic ofi Chances) one out of 
icvcry six, on a suflicient average.' If, really,*^ the two co-exist 
oftener, there is connexion ; if seldomer, repugnance. 

By this method singly,'could we determine a connexion of 
cause and eflect in the instance of rain occurring with a par- 
•^uicular wind, say the South-West, ♦flilio expenmental^methods 
I fail m such^au instance. Jt is well remarked by Mr. Venn 
(Lo^io of Chance, p. 127) ‘that in Protialnlity we distinctly 
take notice ol, and regard as evidence, retisons so faint that 
' they would scarcely be called by any other name than mere 
hypothesis elsewhere ’ 

In the Chinese astronomical observations, frequent entry 
was madp of new stars ; and by far the larger numbpr-of these 
appeared in thQ milky way. The coincidences implied some 
law of connexion, bat no such ]law was suspected by the 
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Cliiuese astronopaers. We now know that the milky way 
contains the great mass ot* the stars of cfnr galafccy; conse¬ 
quently all. changes connected witli the stars mil be most 
numerous there. The circumstance lias been adverted to as 
an* important jjonfirriatioif of the accuracy pi the Chinese • 
astroi 4 oTnical records. • 

lu tlie generaliBations of df^inhering attributes, in PTiysics 
aijd in Cliemistry, there i| often a want of perfect agreement 
in the delails : yet the agreement is too oxtensivd to be tke 
^product of chance, and hence wo must'admit the oiistence of 
a law, which, im the comjilications of the phenq^nona, is occa¬ 
sionally crossed and counteracted. It is a Itiw that the .alka¬ 
line bases are oxides of the metals; a remarkable exception 
occurs in ammonia. The law does not become waste pa^er 
because of t^is exception. The coinciuence is one that luero 
chance cannot account fgr ; and some way has to be sought 
oqt to reconcile the discrepancy. Porliaps an exjiression will 
be found that will "apply alike to ammonia and to the other 
alkalies. The discovery of a metal in ammohia h^ been 
looked to as a solutiwn olHhe difficulty. ^ 

5lainy genera ot* plants* are centralized in detinite geogra¬ 
phical areas, I'hnca,. for example; the species biding cgllected 
within a certafn^iract, at some one point of which there is 
found the maximum number^of species. As chance cannot 
account for such localizations, the endoavonr is rnade'to trace 
out laws of connection (cause and cflcct) be tween the plant s 
a nd the locali ty. . 

In file controversies raised on the saJliject of Phfeijjology, 
the opponents of thq system hqve considered that they dis¬ 
proved it by instjj,ncing deci(jed oxcei)tions|to the phreno.logical 
allocation ol* faculties—caseif of mathoiiiaticians with a small 
organ of number, or musicians with a small organ of tune. 
The facts supposed, however, are not conclusive agailist the 
6 \ stem. For, m the first pjace, the disproof of the coiucidcnceg. 
alleged, •in respect of due or two faculties, or any niftiiber,| 
would not disprove «all the rest.* But, in the second place, a 
few exceptions wquld not thoroughly disprove the alleged 
connexion ; they would only disprove its untailing uniformity. 
Thfe phrenologist could still rttreat upon the pririci^ile we 
are now discussing) for, if the coincidences of a certain 
distinguished mental aptitude,—as number, music^ieolour— 
with the* uqu.sual size of a certain region of the head, were 
•moie frequent than it would be on mere cH^nce, or in the 
absenc.; of all connexion,* he would be entitled to ipfer a 
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relationship between the two. No dojibt, t^ie practical value 
of the facts woulH be very much lowered by the supposed 
relationship) being frequently defeated; still, the bond must be 
c’onsidepq4 as established. In this yiew,^n extensive series of 
observations on the size and form t>f the hunis,n head, and on 
the accompanying mental qualities, if»reduc^ to a Statistics 
of con\parative frequency, coultl* yield indications of the loga-^ 
iizing of mental functions, if such Ije the Actual case^ , 

• The homoeopathic maxim ‘ similia similibus curantur,' may 
* De Bubje^ed to the same criticism. Exceptions do not nullify, 
the principle,although they reduce its value 4s a guide. Both 
this and the opposite maxim (‘contraria contrariis curantur ’) 
may hold in nature. The coincidences in both cases may be 
gi-bater than chance ^vould account for. 

The prevalence of the different forms of Ohrstianity after 
the Reformation shows a coinciden'-o with Race that chance 
would not account for. The Greek church was propagated 
principally in the Slavonic race ; the Roman Catholic church 
coincides largely with the Celtic race ; and the Protestant 
yihurch has found very little footing out ef the Teutonic I’qces. 
Fttom this coincidence must be presumed a positive affinity 
between the < several forms and the mental peculiarities of the 
races :—which, as an empirical law, may be applied to oases 
immediately adjacent, and as a derivative law (so it may be 
considered) may be applied still wider. We may fairly con¬ 
clude, that any speedy conversion of one church to another is 
very unlikely. But the law being at best a derivative law, 
nrvolviri'g a plurality of simpler uniformities under collocations 
or co-efficients, may be subverted by circumstances arising in 
the lapse of time, tit might also happen that change of place 
and of circumstances might defeat the law ; such as emigra¬ 
tion to other countries, or.great political revolutions. 

We*may apply the principle to the problem of the Sp read of 
Languag e. The articulate modes of the human voice'being 
^ neany*tne same in all races, there 'would be a great many 
common words struck oulfc^, without any communication be¬ 
tween the races. Then it might happen too that some of 
these common words might be applied to the same objects, 
because some name or other must be applied. Of course, the 
probability of the same sdund as the Tiidical wa, being ap¬ 
plied tc%tbe maternal parent, by diSerent races independently, 
is a very small jirobability; and the probability of any great 
number of suclji coincidences is still, smaller. Therefore, if we 
find in the languages of India. aAd of Great Britain, a very 
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considerable uaijiber of names almost the very same, applied 
to tbe same things, we must conclude that the coincidence is 
not the w^rk of cbance ,^nd is the result of some eanse. ^ 

,4. A special case of "the elimination ot chance is pre-. 
sented.by th^ comfcination of Chance with Law, or of 
casual and c^s^il links. Ifi a sufficiently prolonged ex¬ 
perience, chance may be^eliininated. 

Thus, so far as the mere decay of the human system is con- 
jOerned, deaths would be equally frequent at all peribds of the 
year, and at alliiours of the d*y. In the statistigs of Mortality, 
however, we find that some months are marked by an exces¬ 
sive number of deaths ; as December, January, and February. 
This points to a law of connexion betw^n winter sevgrity it ^^d 
raortali^. Jn the same way, if we had thestatisticsofthe 
deafBroccurring at diffeient hours of the day. we might find 
a.greater number occurring in the depressing hours of the 
night, namely, befween midnight and dawn, ^here is an 
element of chance, and an element of law : the chance can be 
eliminated by statistics, atid the la\v%,scertaiued and estimate^* 
The combinatioif of chatice and law is seen in the progress of 
the seasons. Tbe Chance element is the fluctuation frpm day 
to day, due to meteorological changes, which, in our ignorance, 
we view as fortuitous. The Jiaw is the progress of the sun, 
which if undisturbed would be shown in tne steady increase of 
temperature from Januaiy to July, and reversely. The influ¬ 
ence of tho winds interferes with this regular coprse ; but by 
a\'erages taken for many jnears, we could ascertain fo^ ^y one 
place the toraperaturg proper topacb day of the year, through 
the solar influence alone. , I 

The skill «f a player at ccv’ds is shown by his winnings at a 
year’s end. So, tho keeper of a gaining table, in spite of daily 
fluctuations, has a sure profit in the long run ; the tal^h being 
constrncted with a definite percentage in his favour. , 

In talAng observations, it is usnal to multiply instances, and' 
to strike an average# This eliminates mistakes of the senses, 
accidents, and all eg*rors that do not grow out of some perma¬ 
nent- bias. 

• • 

5. A third form ^ of the eliijiination of chance‘is the 
discovery of’causes so small in amount as to be submerged 
bjyr the casual accompaniments. 

• LoadgjL^Jjjjc are detected after a long s^ies of throws. 
A-ctua^nalsnave showiT that, in the coarse of 1200 throws. 



90 


CIIANCI5, and.M’S ELIMINATJON^ 

there would be very nearly gOOjjLrjl&m pC ^^7 

great deviainon froA equality would be a proof of loading. 

It was by the average of many d^ily observations of the 
baroraetor that tlie diurnal variations were discovered. Those 
•perfodical 'variations were too smalllo bfVotiqedin the midst 
of the fiutttuations from day to day> t>ut ^e elimipation 
oftheselastby a long course of «>b&ervation8brought the other 
to light* and gave their amount. ^ ^ 

t.mall*bias in an instrument might be detected*by great 
multiplication of instances. All the chance f'rrors would be 
eliminateJ, anjji would show a nosiduum, to lie accounted for 
only ^y some permanent bias. 

PRINCIPLES OP CHANCE OK PROBABILITY. 

6. Probability ex[)rcssea a .state of the luiiKi, and also a 
situation among objective facts. 

As a statefof the mind, it is a grade ov variety of Bejief. 
The highest iJegree of belief is called Certainty; the inferior 
degfeeil are degrees of Probability. Tbe psychological criterion 
01 strength of belief is readiness to act. » ^ • 

As a situation of objective facts, it points to our experience 
of the Recurrence of events with more or less uniformity. 
What happens always, under certain circumstances,—as the 
rise of the sun, thc*terrainatioit of human life—is called cer- 
iaiii; our assurance in such instances is at the highest. JV'hat 
happens, not always, but sometimes,—as that the sun rises in 
a»/Uoudl«ss ^icy, that men live seventy years— is not certain. 
Neithe'\' the fact, nor the failuie oP the fact, is certain. To 
this middle situation, is applied the tern! Probability. 

At a tirst glance, we might b5 disposed to say that such 
events are positively uncertain ; fliat any judgment as to their 
happemftg is incompetent ;* that we are in as great ignorance 
as to whether the sun will ever rise c^ear, or whether any man 
fwill Uve to seventy, as if we had nSver known the sqn to rise 
^or ai^ man lo die. In thin emergency^ however, we derive 
an aid from extended observation. If, iii 4;he same locality, 
we observe the rise of the sun for a great Vnany days, we find 
that the rise in a clear sky happens in a certain fixed propor¬ 
tion, which is more and more steady qs observation is pro¬ 
longed. »^So, if we keep a record of the duration of men’s 
lives, for a considerable period^ of time, we find tbo*.seventy 
years’ lives to recur in a fixed proportion, the more steady the 
longer the records are extended. Hence, if it is of any valuc?^ 
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to us to know hovjf maiw days in tho year t!ac sun rises cloud* 
less in a given climate, or how many men Ifvo to scwenty, we 
can obtain fhe informatic^i with absolute certainty. • 

Now, there are many (jeeasious when thift kno>^edge of 
jDroportionate r^urrei|ces ef events, or of \vhat is calfed 
average,* is of ^e highest practical moment. It is needless 
to cite, among other examples,*fhe system of Insurance, ,wliioh 
is wliolly built upon»it. 

* " * * * «* 

7. When a sufficiently extended series of observations 

shows a fixed proportion in the relative occurrtjnce of 
events, this proportion is called the Frobalfility of the 
occurrence of any single event; which, however, is a fiction, 
meaning only the certainty of the pl-oportion, or averag'ft, . 
on the whole. 

If, in the run of many yours, it appears that there have been, 
in some one place four dr y d ays for t hree we t, ^lien it is a 
mattor of inductive bettaim^ that in the future ^liat propor¬ 
tion will hold. We may stake any practical interest upontlm 
recurrence of that proportion. But \^e are unable to say, be-^ 
fore uatid, of any on8 day whether it will be wet or dry. 
a convenient fiction is used applicable to a singles day,* We 
see that the chances or probabilities are that some given day 
will be dry, A numerical expression is use^ for the degree of 
the probability; it is said to bo four to three in favour of dry¬ 
ness, of against rain. This loes not mean that we gain any¬ 
thing in a single case ; a case taken apart must.be J^cld as 
absolutely uncertain. Unless we act upon* the gross or totals* 
we gain nothii^g by taking into account the numerical pro¬ 
babilities with a view to a single instance, f 

But although wo are no wi*cr as to the individual day that 
we desire to be dry or wet, yet, as .there are a great, muiiy 
similar emergencies in lift^ where we have to apply averages 
to single cases,—by following the measure of probability on all 
such occas'tons, and on all* subjects^we shall be o^tonor rfght 
on the whole, than i^ we were to neglect this probability. 
This is the justification of our presuming that a given day will 
be dr^. and not wet, under the probability assigned. 

8. It is found that the experienped recurrence of* events 
coincides with*an estimate formed thus :—Suppose tfiat we 
know of seyeral events that some one will certainly h*appen, 
and that nothing in the constitution of thingjs determines 
one rather than another ;*iti that case each will recur, in 
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the long run, with a frequency in the proj)ortion of one to 
the wholfe. ‘ * 

’Thusj^in theftfamiliai* case of tos^ng a penny, there is sup¬ 
posed to be nothing in the form qf* thoj^in, or in the impulse 
given to .it, to determine one side r^^r tffan ancybher. In 
this*case, every second throw«<fill, in the Ipn^ run, boln^ads. 

So, in throwing dice, if they are fair, every Sixth throw,* on 
e long series of trials, will give ace. • • 

An a priori necessity has been assumed for this proportionate 
recurrence oj[ events. Such a^iecessity apptars to be iustifie'd 
in t.he tossing of a penny ; we seem to be in a stnte of equipoise 
between the two possibilities of head and tail, and feel that 
dhy inequality in the Result would be without reason or cause. 
Accordingly, we are'apt to assume, as a necessity of the case, 
that the turning up of head an(^ of tail should be equally 
balanced at the end of a long trial. The fact is, however, that, 
in this and" like cases, we are exceptionally circumstanced in 
point of kifowledge ; we know what are the causes at work, 
^and that there is nothkig to giv» a bi^is in the long run to 
either side of the penny. • # • 

In.the mpre complicated cases, as human life, shipwrecks, 
fires, ®c., we should not be disposed to predict anythingbeforo 
band from such considerations as the above. We should not 
consider all years,*from one to ninety, as equally open for men 
to die in, or that the year of age is quite indifierent. We soon 
come to kjiow better; and, refraining from a priori supposi- 
•posi^idhs we tru{\^ solely to induction from a sufficiently 
prolonged basis of actual observation, 

. j • ^ • • 

9. The important theorem^ growing dut qf the treneral 
P^i^'ciples and applied to problems in Logic, are these. 

I.'The probability of the concurrence of two indepen¬ 
dent events is the product of tqp'separate probabilities 

Jf A oceftr once in six ^mes, its probability is J, or one for 
and five against; if B occur once in ton times, its probability 
IS or one for, and nine against; the probability, or relative 
trequency m the long run, pf the concurrence of the 'tiwo is 
(TO—9”® fbr and fifty-nine against. 

Thk^i rule is an arithmetical consequence, of the general for¬ 
mula, and does not need a separate appeal to observation and 
induction. ^Suppose two days in three are dry, and onh in 
three baa a westerly wind, then, (if the two phenomena were 
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independcnit), the,chance is J X ^ or J; that is two for and 

seven against. ^ 

# 

10. II. The probabiltty of the occurreuct^ of one or other 

of Uvo events that capiiotfyoncur is the sum of the’^'eparate 
probal:i^]ities. * , • ’ . 

. iJf one man«in ten is over si5 feet, and one in twelve, under 
five; theij in a largd numbtir, say 120,000, there will be about 
12,000 over-six-feet men, and about 10,000 under-live-fet5t. 
inen ■, the sum of the two 22,000, will represent the dumber of* 
such as are one lK,nd or the otUer.’ « 

11. III. The rule for the cumi ^I^t ion of indepeudent 
Testimonies in favour of a fact, is to*u|ultiply the numbers 
expressing the proportionate value of each Testimony. 

If a witness is correct (Sx times out of seven, or speaks six 
truths for one error, his relative testimony is six'for and one 
against, or f. Two witnesses of this characteR concurring 
would give a probability „of 6 to l.^multiplied by 6 to I, or 
S6 tb 1, and so on. « • 

12. IV. The rule for the deteiio ration o f testirn^eny in 
passing from one person to anotSb^rTlTiaFTsT^for the weaken¬ 
ing of traditional evidence through lapse of time, is to 
multiply the fractions expressing the separate probabilities. 

If one witness speaks truth five times in six, tlya fraction is 
^; if another witness speaks truth nine tipies in ten, valus^ 
is If the pne repeats what |;io has heard from the other, 
the testimony i% weakenec^ by the trai^smission to, ^ < 

or^. Of facts attested by the second witness, de¬ 
riving from the first, three will be tyue and one false. A few 
such transitions bring the evidence below probability, and 
render it worthless. Fony successive witnesses each valued, 
f, would ^ve whicB would be a probability againsfc’their 
testimony. Now, them are many cSses where a teslimony is not 
put too low by the'aJbove fraction ; if a want of perfect veracity 
is jomed with*inadequate comprehension of the statement, 
wealc niemory, or other infirmity,*a witness would not h® porreefc 
thme times in four. 

•The ap^icatlon of the Theovy of Probabilities to the induc¬ 
tive determination of Causps is given in the following theorem 
taken by Mill from Laplace! 
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13. ‘ Given an effect to be accounted for, and there being 
several cutises that might have procfuced it, but ot whose 
]jres(iiice fli tlie particular case liothing is known ; the 
piubability thaf tlie. elfeet was wodinied by any of these 
causes in as tlw antecedent proboiblHty ^ the (^nse, multijnied 
by Ov prohahility that the mu^^if it emSted, Would tid^e pro¬ 


duced the given effect. 

Let M bo the effect, and A, B, two causes, by either of 
*whicb tho effect might have been produced. To find the pi’o^ 
bability that was produced by the one aiid^iot by the other, 
ascerj^ain which of the two is most likely to have existed, and 


which of them, if it did exist, was most likel}' to produce the 
efWct M; tho proliamiily sought is a compound of these two 


probabilities. • 

‘ Case 1. Lot the cau.ses A and B lie both alike in the second 


respect: either A or B, when existing, being supposed equally 
likely (or equally certain) to produce M but lot. A be itself 
twijo 4 S likely as B to exist, that is tAvice as frequent a pheno- 
ijiienun. 'I’hen it is twice*as likely tt> haw existed in this (^ase, 
and to have been the producing catfto of ]\f. • 

‘ Oai»^ 11, Reversing the last supposition, let us suppose that 
the causes aro eqmilly frequent, equally likely to have existed, 
but not equally likely, if they <yd exist, to produce M ; that in 
three times that A occurs, it produces that effect twice, while 
B, in every three times produces it but once. Since tho two 
causes aro qqually frequent in their occurrence, in every six 
•Ifties ^li^t either exbits, A is three,times and B three times. 
But A in three occurrences, produces Jkl in t\y3; while B in 
three gccurronces if’oduces M in yne. Thus* in the whole six 
times, M is produced thrice, but* twice by A and once by B. 
So that the probability is jn favour of A in the proportion of 
two to*one. 

Let 
effect 

twice in four times; B Phrieo in four times. Then the 
antecedent probabiliiy of A lo B is 2 to,I : tho probability 
of their producing M is as 2 to 8 ; the product is 4 4;o 3. 
In otl^r, words the probabilities in favour of A being* the 
cause are as 4 to 3. And sb on with any other eombination.’ 

The {i^'inciplo may be applied to di.stinguish casual coin¬ 
cidences from those that result from law. ‘ The *given fqpt 
may have origjpated either iu a ca^ial conjunction of causesf 
or in. a law of naiui’e The proffaDilities, therefore^ that the 


M ‘ Case 11*1. Let there be an inequ^Tity in both respects. 
[Abe*twico as frequent a.s B; and'?et A nroduce the 
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fact ori^nated in these two modes, are as their antecedent* 
probability, multijMied by the probabilities that if they existed 
they wouid^produce the eftect. But the peculiar cembination 
of chances, if it occurred, or the law of iiatuw if real, would 
certdinly produc^ the S^riesV coincidences. The probabilities, 
therefoi’e^ are as the, i^ntecedent probabilities of the causes. 

’ One of these— tlfe antecedent [/i^bability of the combination of 
hiet'e chances that would produce the given result—^is an 
appreciablS quantity, on tfie principles already laid dow». 
The antecedent probability of the other may be estimated more * 
less exactly, according to tliM nature of the cage.’ * 


ClfAPl'EU X. 

INDUCTION AIDED BY DEDUCTION. 

1. *I4 is desirablif at evtjry stage to carry out Tnductiire 
laws into their Deductive applications. Now, J)edi^<»tion8 
cannot be made or verified without Observation of facts. 

Deduction or Ratiocination, fu its purely formal aspect, is 
given i|L the Syllogism. In its material side, it involves the 
comparison of facts, and is akin to Induction. We have yet 
to view it as it plays a part in the Inductive Sciences. • ,, 

2. The full ^cope qf the Deductive Method comprises 

three operations. • • I • 

1. There ntust be certain pre-established Inijuotions. 

We must somehow arrive at Inductive Generalizatiofis, and 
next prove them when arrived at. The Experimental Methods ^ 
have in viaw these two etitfs, and especially the last, narwjly, 
Proof. Incidentally, tjne methods fcdicato the mfide of Dis¬ 
covery, but they ba>?e not been expressly aimed with that view. 
It hasjDoeu apparent, however, that the collection and study ot 
^nstaSce^, under the Method of Agreement, must sugj^est the 
points of Agreement, wdien wc are ignorant of them, which is 
•to suggest a general law. Our examination of the problem ol 
Crystallization, and the enquiry into the cause of Dew, led 
fijsl to tho discovery, and next to the proof, of generalized 
coincidences. Still, it was ftot advisable -to carry ou a double 
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illustration, by moans of the Experimental Methods, to elnoi- 
date at once Discovery and Proof; ^of th*e two ends, the 
logician hat most to do with the second; Proof is his main 
object, for whicb»he can lay down definite laws ; Discovery is 
a valuable end,^ likewise, but it if* notjEqually araenablet to 
prescribed .rules. 

In *the management of partietllar instancjE!s,*with a view to 
the Discovery of generalities, assistance may be Obtained in die * 
three following ways:— ' * 

(1) The number of instances should be as extensive as pos¬ 

sible. In the^comparison of a large number ;the mind will be 
strueje with points of community, from the very fact of the 
recurrence; as in the examples collected in the research on 
D#w. Moreover, the^e'will start forth some one that contains 
the circumstance sought, in startling prominence; these are 
the glaring or suggestive instance^ Such, in the case of 
Dew, was the example of the warm oreatli upon a cold iron 
surface, as af knife blade. • , 

(2) Wheri out of mere number and variety of instances, ihe 
identity docs not flash upon the r*ind,,tlie next thing is to 
eeUct a few for careful scrutiny. •Each instance should be 
studio^! in isolation, should he gone over in every minute point, 
and examined from every side; the features being exhaustively 
set down in writing. After a few separate instances have been 
considered in this "thorough way, the resemblances (unless at 
the time inscrutable for want of other lights) will become 
apparent to the view. Newton's study of the phenomenon of 
the cqlcRirea rings gf the soap-bubble, was an exercise of the 
Severe mental concentration now described. 

(3) , The geueral^laws of phenomena*must b8 sought in the 
cases where they are least compliqaled or combined with other 
laws. This is an obvious precaution conducing to Discovery. 
The laWs of motion are studied in simple cases, such as straight- 
Jined movements, or wheel-movements, under a single impulse. 
Grairtty is'best studied in bodies falli-jg perpendicularly, where 
therp is no ofiher force operaftng. Neither; the first law of motion, 
nor the Iftw of gravity, could have been advantageously genera¬ 
lized, in the flow of rivers, or in the motions of the planets. 
These^cgmplications are not suited for inductive discovery^ but 
for deductive application, ^as at present contepiplated. The 
first principles of Optics are sought, not in the workings of the 
eye, nor in complicated lenses, but in the simple •mirror fer 
reflexion, and ^in the plane transparent surface for i efractibg. 
So the more transcendental power^ of light, in causing mole- 
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cnlar change, are not studied on the retina of the eye, but in ‘ 
tho easier (although stUI obscure) cases—chemical/iction and 
photograph. The osmotic action of cells is illustrated by 
Gr.) ham’s experiments oif the passage of liqu^ls through•poiv 
cehn partitions. Tke caf^llary circulation of the*blood*i8 
compare^ to thd'^flow (5f liquids in capillary tubes. Salivation 
and di|;estion at’e exiimined bjn withdrawing saliva aud^gas- 
tri« juice from tHe^ animal body, and subjecting different 
ni^crials to their action aphrt. The laws of Mi7id, which a ^3 
to be carried out deductively in resolving tho complicated' 
situations of hum|in beings, as ijj Society, are to be generalized 
from observations of the individual man in ffivdurablo situa¬ 
tions. For the laws of mental growth, we have to begin at 
infancy; for the germs of moral sentrtnent, wo refer to the 
uncivilized races.* 

• • 

3. II. Deduction profier involves two stages of com- 
ploxity ; (1) Tlie syiiple extension of an induoitive law to 
a ne^ case , and (2) the combination of several laws in a 
conjoint result, involvingj)rocesses*of Computation. * • 

(1) Simple Deduction is the extending of an inductilVo 
generalization to new cases. As in all enlargemcHts ofjenow- 
ledge, so in this, there is both discovery and proof. Tho cases 
have first to be suggested to the mind, an^ next to be rigor¬ 
ously verified by the procedure suited to tho case. 

Witlfout dwelling upon the means of suggesting new 
applications of laws, let us consider the mode of p»ovii^ su,ch 
applications. This rcsolves,itself into a qutstion of identil/j. ** 

Supposing tl\p;t the inductive pm>position ‘ all matter gravi¬ 
tates ’ has been formed upon solids and liquids, eball wo apply 
it to gases ? flDhis depends upon whether gases are matter— 
whether any property of gases is identical with the defining 
property of matter. Now^ the defining property of inaftor is 
inertia, and gases are proved«to possess this property; whence, 
the proposition ‘ matter *gravitatq^ ’ is extended to tlfem. 
Again, Does Ether (tlm supposed medium of Light and Hoat) 
also gravitate ? As before, we must test its identity with the 
characteristic property of matter. Now, if, as seems to bo 
implied in the retardation of Bneke’s comet, tho ether is 
a resisting substance, 'then it is "matter, and accordingly 
•gravitates^. • 

* • _ 

^ Tho Asts of iDiscovery, brought out by scattered allusions throughout 

th* work, will be systematic illy giyen in ArruNiu H. • 

V 
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• 

Questions of identity to establish a minor are necessarily 
part and parcel of inductive research^ but* they must not bo 
confounded) as they sometimes are, with the process of induc¬ 
tive • generalization to establish a Aajor or a general law. 
Tlfus, it ^8 a moot point, whethe^ an;j^«and what alloys,are 
chemical pompbunds; which must be settled by examining 
the fharacterisdcs of alloys, *nd com*pai’iiig*them with the 
essentials or characteristics of chemical cymbinsition. • • 
^We may instance important researches that have for their 
end the* proof of aif identity. Thus, Dr. Andrews insti¬ 
tuted a Series of experiments,to identify Q^orie (formed 
Electricity) \fith the atmospheric constituent that decomposes 
Iodide of Potassium. He selected three peculiarities of 
oaipne (1) the power of oxidizing mercury, (2) the destruc¬ 
tion of ozone reactions by dry peroxide of manganese, (3) the 
destructieft of its reactions at a high rate of temperature 
(237 Cj ; and tried the element fJund in the atmosphere by 
these tests.* It answered to them all. • The lirst, howe\^er, 
(the oxidizing of mercury) is not conclusive, as other bcidies, 
beRidds ozone, tarnish nqprcury. Jhe last of the three tests 
*h^h temperature), answers to hq kno\vi substance, except 
ozoiie^ three tests conjoined furnish superabundant 

evidence of flie identity of the so-called ozone of the air, with 
ozone as obtained by electrolysis, and by the electrical machine. 

Another remarkable discoveiV of Identity is seen in Graham’s 
experiments on the relations of Hydrogen to Pall,admm. 
There have always been chemical reasons for believing that 
^drogtn §as is tho vapour of a highly volatile metal. 
Grahlm has contributed new ^idence in favour of the 
identity. The metal palladium is capflblo of oibsorbing eight 
or nihe hundred \imes its voldmo of hydrogen gas j and, 
when so charged, is found to Undergo changes in Density, 
lenaoity, Electrical Condifctivity, Magnetism, relations to Heat^ 
and Chemical properties. On investigating these changes, 
Grajiam shows that they corresp6nd to the alterations made 
on one mctftl when unitedww an alloy with another metal; so 
that, as far as metallic properties can be shown in such a union, 
hydrogen is metallic. The metal ‘ hydrofeenium ’ has a white 
aspect, is ®P* 2, has a pertain amount of tenacity, b^id is 

magnBtfo. The cumulatioja of proof is all but equivalent to 
the separate production of the solid metal. 

Lewis confounds the establishment of ^ 4 iiinor, as 
a part of Deduction, with the establishment of an Inductive 
major by th# method of Dififerente. He considers that the 
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proof of a burglary in a Court of Law, or the proof that Sir' 
Philip Francis wrote Jflnius, is an employment of tiie Experi¬ 
mental or • Inductive method of Dideronce as iwie of the 
Inductive methods. In reality, all such cosesiare thejinikiug 
good of an iden^ty t(J|)rov%a minor. The kind of J^illoreuco 
employed, consists ii^ bringing out successive details or cir¬ 
cumstantials, t(t eJichide by dft^rees every person but *one; 
Unfl thereby to compieto th^ identity of that one person with 
th(? actor m the jiiven case. • 

(2) The more difficult employment of Deduction’is in tho " 
fjoncurrencc of dillerent ageids to a combino^l result; as 
when we deduce the patli of a projectile from gravity,^ the 
force of projection, and the resistance of the .air; or the tides 
from the united action of the sun andiblip moon. This is t^io 
form of the Deductive ^Method, wlieroby we cope with the 
otherwise intractable sitiiation called riitermixture iJl' Ell'oets. 

Pliysical Astronomy will ever rern.ain the grand exemplar 
of t)^‘ductive Investigation, as the computation of Joint causes 
produeing an effect. The causes can be estimated ^ith numeri¬ 
cal precision, and their co*nbuied ofnsratiou can be caloulaCed^ 
by t?ie, higher MatlfematioB. in other [larts of Physics, tln^^’e 
arc instances of the Deductive Method. Tho ,calcul^itions 
respecting Machinery, Fluid Pressures, Motions of Fluids, 
Gaseous Pressure and Movements, Sound, Light, Heat, Elec¬ 
tricity,—proceed upon iuduetive laws, oftBn united in their 
operat>on, and requiring to bo computed in their joint effect. 

It has been seen, in the research on Dow, that Dalton’s 
generalization of the laws and eonstitutioi^ of tho atmC>sph6nu« 
of vajiour, deductively applied, niade up the wanting link in 
the experimeiittil ^vestigatiou. I 

Equally telling examples of tho Deductive Method may bo 
culled from the recent applications of Chemistry to Animal 
Physiology. Tho laws of chemical combination euable*us to 
trace the metamorpliosis flf tissue, by means of the products ^ 
of Avaste. • Tho single fact of oxidation is all-pervading ii* tho 
animal system, and tbc deduction^* from it clear*up at c^ce 
many obscurities Ubyond the reach of experimental elimina¬ 
tion. ,The difficult question of Animal Heat is to a great 
exteftt ^Ived already by this deductive application, ^and its 
compieto solution will probably depend on the same method. 

We may quote farther the special applications of Ch^iistry, 
under thfe •great law of Persistence, to the phenomenon of 
]{lU8Cular power, of which no adequate account ^ould be given 
by mere observation or experiment. We now know that 
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muscular expenditure represents a definite combustion of the 
material of, the food, although we do fuot know the precise 
links of the^transmutation. 

•When, purely*Inductive or Expei^mental proofs are sup- 
• ported by reasons^ or by a considei^tiomof the nature of Jtlie 
case, tlie meaning is that Deduction is brougtit to tl|^ aid of 
Indu(^tion. The conclusion r«0}3coting tlie N. E. wind was 
confirmed by the general operation of atnujsphef-ic impurities. 
The result gained from the comparison of instances of Crystal- 
’iization, is in accordEtnco with the theoretical views of the 
two oppbsin^ molecjular forces — attraction and repulsion. 
The experimental facts as to the exhaustion of the mind along 
with'the body, are supported by what we know of the brain 
as'tlie organ of the naiutl. Our inductions respecting dospotio 
governments are aided by deductions from the laws of human 
nature. ^ • 

The applications to tho Human i^find, to Character, and ..o 
Society, will be more fully exemplified, afterwards, in the 
special chapters on the Methods of these Sciences. ’ 

- 4.' Ill* The DeductiVb prc)cess*is cempletod by Verifi- 

CAi-lON. « • ^ • 

Thiy. applies more particularly to the Computation of 
combined causes. 

The way to verify the deductive extension of a single law to 
a now case, is actual observation of that case. We. apply 
deductively^the law of gravity to air, and verify tho deduction 
% ‘oteerving whether tho air has weight. As, however, we 
may mspense with deduction whensve have actual observation, 
such an instance does not show tho power of *the Deductive 
Method. The thin\r meant is, thkt after verifying a deduction 
by one or more instances, wo shaill be able to apply it to other 
instances without farther verification ; these last instances 
^ depending for their proof solely on the deductive process. 

When an effect is the result of sevpral conspiring causes, wo 
may'dedued it from a computation of the causes; as,* for 
example, the lunar and planetary pertui>batiou8. To show 
that we have taken account of all the Causes, that we have 
obtained a proper estimate of^each, and that we have oofrpctly 
computed their conjoined action, we must compare the deduced 
effects with the observed effects in a variety of‘ instances. If 
tiie two precisely tally, the deductive machinery isoverified; 
if not, not. A want of accordance points to a defect in one* or 
other of the Sircumstances quoted*:—the causes or agents are 
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not folly taken account of; their exact amount is not precisely' 
obtained; or thd calculation of their united acl;iion is not 
perfect. Bometimes, the first point is defective, thpre being a 
residual agent. In other cases, wo know the ^auso bi\t nt>t its 
exact numeric^ anft^unt thus, in Astronomy, w5 need* to 
know ^the relative jfngissea of the sun, moon, and planets, 
together with their mutual di^nces. Finally, it may hftppen 
'that the calculationaare ii^racticable. 

*In Asl!tonomy, where Deduction has gained its greatQpt 
triumphs, verification has also been moht thoroughly worked.' 
Upwards of fif^ Observatories are incessantly ei%aged in 
watching celestial phenomena; the observations have been 
the means of perfecting the deductive operation, and making 
good all its shortcomings. * , » 

The deductive theory of projectiles combined gravity, pro^ 
jectile force, and the ay's resistance ; the expefiments on 
gunnery are the verification. 

TJie laws of the* strength of materials are deduced from 
geometrical and meclianical laws, involving the size, shape, 
and position of beam%, &c*; but however certain the prmci|)los 
ma^ j^ppear, they onnnot dispense with actual trials. * 

We have supposed the verifying tests to consist of detacl^ed 
observations; they may be furnished by groups of dtserva- 
tions, summed up into what are termed Empirical Laws. 
Such was the verification oT Newton’^ planetary theory 
(foumied on gravity) by Kepler’s Laws. So, any theory or 
generalization of the operation of refracting surfaces on light, 
must be in consistency with Snell’s law of tho propt*i*tion ^ 
the sines of incidence and refraction. * 

The formulle (jf fluid motions are of tht^solves insufficient 
to predict the facts ; experiments on tho flow of rivers must 
bo conjoined in a matter of so great complicacy. 

Newton calculated deductively the velocity of sound*, and, on 
comparing it with the obServed velocity, found a difference of 
nearly twenty per cent. • ft is only of late years, that tli« dis-^ 
crcpancy has been g®t over, by a •more complete view of the 
forces developed ifl the act of propagation. In such a delicate 
question, one verifying instance is too little. Newton himself 
squared the results by arbitraiy«assumption8 (as the thickness 
of the air particles), which would have required for tlioir con¬ 
firmation an independent class of facts. • 

Verytenfident predicoions Jiave been made to tfie intent 
^&at the Sun is cooling down in consequence of his enormous 
radiation ; and that the eaTth’s rotation must ul^mately decay. 
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through tho friction of the Tides The dtita< and the calcula* 
tions seen? very secure in both iustarfees; yet, in order that 
the dcductfons may be fully establislpod, we need dvidouce of 
ah^actual changt, in past time, as rggards both tliese moment¬ 
ous facts. . ( ‘jj 

Combined Induction and Deduction I'jx.prcss^es the fall force 
of scientific method for resolWng tho greatest complications. 
Induction alone, and Deduction alcyic, arcequally inpompetqnt 
^t<5' the great problems even of the Inorganic world ; still more 
so with ]^ife, Mind, an*d Society. Induction, exclusively relied, 
on, is called { empiricism; ’ Deduction, witTrjut an adequate 
basis and an adequate check in the Inductive Methods, ex¬ 
presses the bad sense of ‘ theoretical.’ 

The two following chapters will continue the exemplification 
of tho Dpductive Method, of which they merely vary the 
aspect. 


CIS AFTER XL 

t 

SECOS^DABY LAWS-EMPIRICAL AND DERIVATIVE. 

1. The iinportiiiicft of ^ccoiidaiy (as opposed to IJlti- 
inate) Laws, grows out of their close adaptation to concrete 
realities. 

"'Speculation delights to attain ultimate generalities, which 
give the key to a vast depp’tment of nature; as Gravity, 
Ccmsofvation, and .Relativity. H^ieso are highly satisfactory 
to tho mind in its craving after jinity, simplicity, ‘ the one in 
the many.’ A far more important use of these supremo 
generffldies is to perfect the statement of the Secondaiy Laws, 
^which are tho more immediate gjiides of cSfiduct, and the 
expression of tho phenomena in tfneir actual or' concrete 
embodiment. Tho gcueralflsation of gravity did not supersede 
Kepler’s Laws of the Planetary Motions.'^ So long as the 
concrete fact of planetary motion has an interest for ns, so 
long are.we concerned with tiio secondary laws reprel&enling 
that fact. Tho use of the higher laws of Newton is to render 
these indispensable secondary laws more precise. 

The secondary laws are thei ‘media axiomatp,’'bl Bacop. 
They were vigwed by bim (too exclusively) as the steps for 
ascending to the sujjremo laws. •* Equally essential is the 
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descending movement from the higher to the middle generali-* 
ties. No brandli ofthnowledge is complete until it has 
assembled «,11 the secondary laws that express the^more usual 
configurations of actual phenomena, and unti^ these secoadary 
laws have attained af^ the precision that induction afld deduc¬ 
tion c^u»give tliem. 


*Wo formerfy hadrfjccasion to remark (p. 79), with reference 
to Propofitions, that, like the notion, tlicy vary in regard to 
^the reciprocal properties—Extension and Comprchciksion. 
we increase the» extension, w@ loso comprehension, und con¬ 
versely. Now, of the two attributes, the onp iflost important 
for us practically is Comprehension. Wc have to deal ‘with 
small classes, and with individuals, sin(| our interest lie;^ in 
knowing the^ whole of the specialities attaching to these. An 
English statesman needs to know the peculiarities f)f English- 
nijBn. A physician has Eo deal with the diseases special to 
huToanity, and still more those special to his «wn sphere; 
while even this degree of generality, is but to prepare him for 
mastering individual casgs. • • • 

flopce, the narrmuing «f a proposition, which may seem 
defect to the theorizing or speculative intellect, is the highest 
merit in applications to practice : provided always that the 
limitation of extent is accompanied with a corresponding in¬ 
crease in amount of predicatidn, that is, in meaning, connota¬ 
tion, 01 ’ intent. The full enumeration of the properties special 
to iron, as it is found in a certain district, is essential to the 
working of that particular ore ; the account of the propcrtjqp 
common to all metals wouTd be valuable merely as contrtbuting 
a quota to th*o highly specialize?! and exhaustive knowledge 
I’elativo to tjie particular sutistance. ^ 

It "was a frequent remarlc of Aristotle that the finishing 
stroke of knowledge is the tact that modifies all geucial pro¬ 
positions according to the individual case. This of course is 
in the rifore purely praotical point of view. 


The secondary 4aws are either Empirical or Derivative. 

2* An Empirical Law is a uniformity supposed to be. 
secondary, that is, resolvable*into some more gcneial uiii- 
foimities, btlt not yftt resolved.' 

Thai> quinine cures a fit of ague is an Empirical •Law. It 
IS a uniformity established liy experience; it is, however, a 
secondarv uniformitv: wa have reason to believe that it is 
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capable of being resolved into higher aniformities. The pre* 
sent inability to resolve it is a disadvantage,* not merely in a 
theoreticaf or specalative point of view, but as negards the 
application of the law in practice. * 

* • * * c 

\ When what was an Einpiribal Baw hdt3 been resolved 
into ^loref general uniformiti^, or intib "highest law^, it is 
termed a Derivative Law. 


„The occurrence of snow on high mountains was al one time 
*an empirical uniformity. It was established as an induction, 
from experience, but was not susceptible of being referred to 
any higher generalizations. We can now resolve it into the 
laws* connected wi ;h radiant heat passing through the atmos¬ 
phere. These may uot’themselves be the highest attainable 
generalities; still they are much more general than the induc¬ 
tion connoting snow with height. « 

The converting of an Empirical Law into a Derivative 
Law is a st8p gained both in scientific Explanation, and in 
practical facilities. The defects inherent in an Empirical Law 
do hof inhere to the sam<> degree in«a Derivative Law. 


U. Empirical Laws are of various kinds. Their charac¬ 
ters af« judged from their appearance after being resolved, 
that is, made derivative. 

I. Many are olA^iously macle up of the combination of 
higher uniformities under definite arrangements or \jollo- 
cations. 


We« see this clasS largely exemplified in the explained or 
derived laws. The law of a projectile, Kepler’s laws, the tides, 
the laws of wind a&d rain, the la'ivs of geological action (igne¬ 
ous and sedimentary), combustioh, the nourishment of living 
bodies-j-d>eing formerly empirical laws, and now derived—we 
can, from them, presume the charaofcer of those that are still 
^empirical. * ^ . 

These combinations haveibeen already discussed under the 
Deductive Method. They suppose certain ultimate laws, con¬ 
curring in their operation, and also a certa'in definite arrange- 
• ment and amount of the concrete agencies or forces thaf <the 
laws rrfer to. 


5. II:, Some secondary laws take the form of laws ot 
succession between effects arid remote causes*; tkey still, 
however, possess the character last named. 
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When a sudden shower disperses a crowd, the shower is a' 
very remote cause of ^the effect; a number of intermediate 
links of c^sation are ^signable. The taking o& food is re¬ 
moved by a good many stipes from the renewal of the mbscu- 
lar'strength, Jhe SQwing| of a-iSeed is followed at a Idng 
interval ^with the mativing of 4Cn oak. 

JThis is merely a. superficial fariety of the first case—*com- 
'bipation of agents, tn defi^iite collocation. Each one'of the 
links is a distinct law of causation or coincidence, requiring^o 
J3e embodied in a definite collocation ; and the combination of 
the whole, in suitable arrangement, is necessary to the 
result. 

• 

6. III. Some are Jaws of Co-existeuce or of Succession 

between effects of the same cause. * * 

Such are Aie phases o|^ the Tides, the flow of tBe Seasons, 
Dg.y and Night. Here also there is the same constant circum- 
stamio—a coiijunctitm of agents and collocationff. In every 
case of a secondary law, there is, from the nature of the case, 
more than one powcs at work. Only ultimate laws exptess 
agents in isolation,•purity^ or abstractness. ^ * 

In any complicated structure, a new agen|i produces a 
variety of changes. The taking of food leads to coriburring 
alterations in almost every organ in the body- Every disease 
has concurring symptoms. A country eflgaging in war has 
its eccJnomy simultaneously disturbed in many different ways; 
hence there are numerous empirical statements applicable to 
the condition of war, which are co-effecljp of the onfl genhsal 
situation. 

7. The aggregation of properties in natural kind—a 
mineral, plant, or animal-^as something in common with 
Empirical Laws. 

As there may be uniforipities of co-existence, not resolvable,, 
into cauffe and effect, sifbh uniformities stand solely on* their 
own inductive evidence, like empirical laws. They are pi;oved 
by the method of 'Agreement alone, and the proof extends no 
farther than the cases observed. 

• • ^ 

8. The criteria o( an Empidcal Law are prlribipally 

these:— . • 

^ If a uniformity is established only by Agreement, it is 
•not shewn to be a law of causation ; and (if not an ulti* 
mate la\^ of co-existence*) *it is an empirical law. 
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Agreement does not single out a cause when there is plurality. 
It is at fault, besides, in discriminating cau^e and effect from 
effects of the same cause. Moreover, unless the variation of 
the circijmstano^s has been thorougli and complete, there is 
an uncertainty .oven in casew xrher^ therp*is bi^ a single cause, 
and where the antecedents conisiin tha^ cj^use • * 

Tlie Method of Difference does not at on/30 tead to ultimate 
laws. The swallowing of alcohql is foilowe^ by a certain' 
sensation ; this is proved by the Method of Difference to bo 
'cause and effect, yet it is not an ultimate sequence ; it is an 
empirical uni|brmity. 

9. * The other criteria arise out of the characters already 

mf^itioned. ^ • 

Thus, when phenomena are obviously complicated, and 
when thete are intermediate links of operation, the laws of 
such phenomena are not ultimate^ut secondary ; they ai’e 

empirical, fir, if resolved, derivative. * 

% 

The. law that connects the fall of the barometer with wind 
or rain is plainly empiri<Sal. We c&n that many diffQ»*ent 
agtsncies enter into the sequence * and, also, that there are 
many •intermediate stops between the antecedent and the 
consequent. 

Wo prcfiurao thg action of a drug to be an empirical law, 
because we know, from the complication of the human body 
and the plurality of attributes of natural kinds, thaf there 
must bg many concurring processes, each one governed by its 
b^n law or laws of causation. • 

LIMITflD APPLICATJON OF DEPICTIVE AND ^::>ft*IRlCAL LAWS. 

10. A Derivative Law, and still more an Enlpirical Law, 

must ii«t be extended beyond narrow limits of Time, Place, 
and Circumstance. • • 

lidbeing supposed that sqch laws are established by all the 
evidence that the case admits of, still th^y are applicable only 
a certain way beyond the narrow Lphere whore they have been 
observed to operate. . , 

The,rpasons are those already stated under the D^dudtive 
Method. A uniformity depending on several higher uniformi¬ 
ties, an(i on a definite collocation of agents, that is, on certain 
special co-efficients, must fail, first, if any of tb,e floYicurrin^g 
uniformities counteracted, and secondly, if the proper adv 
justment of tne agencies is departed from. The elliptic 
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motion of tho placets would be defeated, if some great die** 
turbing body wore sflfficiently near to counteract solar 
attraction, or if the taiig%ntial force were made difiiirent from 
what it is. Hence canjiot oxte^ the law^f the ellipse t'o 
every body tha^’may liow (y atiify future limp revolve about 
the suft. * ^ • f 

. •This limit to the extension* of secondary laws—wh'ether 
Empirical^or Derivative—if the all-important fact respecting 
them, in tho logical point of view. A large number of p»B- 
fyailing errors might be described as the undue ext&nsion of 
Empirical Laws. * We shall pre^ntafow example^ of secondary 
laws, calling attention to the difierence of ■ our positiq;ii in 
regard to them, according as they are Empirical or Derivative. 

Tho rise of water in pumps was an empirical law, previous 
to the discovery of the pressure of the atmosphere. The 
application of the Mcihotbof Agreement in dilTereiit countries, 
and with pumps of difierent bore, proved that no pumps could 
dra^t' water beyond about 33 feet. The law could be relied on 
within the wide limits of place and circumstance*whcre,ithad 
bee#L tried. It could*not Have been dicteuded to other planets • 
but it*might be ex tended,* with apparent safety to any part of 
the earth. • , 

Since the law became derivative, the limits of its operation 
are precisely defined ; we can t^ll exactly where it would have 
failed.^ We know that on the tops of high mountains the 
maximum height would have been much below 33 feet; that 
the exact height would not be the same at all J<imes ; that 
other liquids, as alcohol, .sulphuric acid^ solutions saltef 
mercury, vary.in the height attained. Now, probably none 
of all these limitations had* been actually discovered jn the 


empirical sta^c ; they might have been obtained by sufficiently 
wide and careful experiments ; the.derivation superseded the 
laborious task, which wag probably beyond the competence of 
an unscientific ajje. • _ 

It is an empirical law that tl^ temperature J 5 f the ^arth 
increases, as we descend, at a nearly uniform rate of J.® of 
Fahrenheit to 50 fetft of descent. This law has been verified 


by gbsjyvalionii down to almost a mile. We might extend the . 
law inferentially to the adjacefit depths, as far perhaps as 
several miles*; but wh are not at' liberty to extend it to the 
centre of jthe globe. We do not know that the requfeito col- 
l(Jcations extend so far. • 

Yet this law is not wholly empirical. It 4 s a derivative 
uniformity. It is connected with the known facts—that the 
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’earth has a high temperature in the interior, and is cooled at 
the surface by radiation in space. Kn»win^ these, we are yet 
unable to deduce the law of decrease from the higher laws 
concerned, beca«se we aise ignorant of the degree of central 
heat, an^ imperfectly acqu^K^d with 4fie lavjp of its conduc¬ 
tion through th’e unknown matljpials of*tlje globe. W^under- 
stand* the general situation, btt do not possets^ the numermal ' 
and other data requisite for computing the» effects. ^ 

•That air-breathing animals are hot-blooded, is a law formerly 
"empirical*, now derivative. It comes under the general law o|' 
the dependent of temperature en the oxygenation of the blood, 
and.may bo extended widely on the faith of that great 
generality. 

Che L^w of Contimufty—‘ Natura non agit per saltum ’—is 
an Empirical Law. In the continuity of Vegetabie and Animal 
Life, there would be, under the Dqptrine of Development, a 
reason for the fact, and it would be in that case Derivative. 
Also, in the transition from one state ofnfatter toanothery—as 
in malting,* boiling, and their opposites—there must be a 
porlain amount of contirfuity owing to • the greatness of^ the 
trsMisition. But except where ther^ is sdtne presumption of 
this nature, ^he extension of the law is wholly unsafe ; we are 
not to expect, for example, that the simple bodies of nature 
should bo arranged in series w^th continuous or shading pro¬ 
perties. We find tfie greatest gaps in almost all the properties 
of tbo elementary bodies. • 

In medical science, there is hardly such a thing as a single 
effect j)?oducod by ^ simple cause. ^ What is worse, there are 
scarcely any great inductive generalities relating to the cure of 
diseai^e, except through hygienic^ or constit|^tional treatment. 
Thus the use of drugs is almost exclusively empirical. 

The Ijmitation in this case operates variously. It forbids 
our ulferring that two medicines of close kindred will have 
^the same effect; thus bark and qginiuo are not interchange¬ 
able,•although the one is J^e crude*form and the •other the 
essential extract. It also forbids our « 0 xtending a mode of 
treatment to closely allied ailment, as in reasoning from 
one species of fever to another. Lastly, it forbids the applica¬ 
tion of tbo same treatment #0 the same disease, in difTdlrent 
persons. 

HenCIt, medicine is of all sciences the one most completely 
tentative. Experience gives a*probability to begin Vith; l^t 
until the effegt is tried in the ngw case, we cannot, as a 
general rule, rely on ft. * 
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Until the day arrives when the operation of medicines is * 
made derivative, the onl^r progress possible is to obtain through 
multiplied experience, a more exact statement of th^conditions 
attending on the successful applic^ion of certain modes of 
treartment; as fm exrftople,* the cojmitutional or othe^ circutn- 
stances ifi. the patient ^favdbr^fe or unfavourable to special 
drugs. • ^ • 

‘ The treatnidnt of jtape worm by male fern is of old date in 
me*dicinc. • In the early period, the failures were frequen^; 
at present, the oil of the fern is extracted atid given instead of the* 
foot, with an alnji^)st uniform sf^ccess. This empirical unifor¬ 
mity is to a certain extent derived or explained ; xhe substance 
is a poison to the parasite, After such an explanation, there 
is aflbrded a clue to other remedies foi* the disease ; previj^s 
to the explanation, the uniformity was contiued to the one 
remedy. • 

As an empirical law in Medicine, we may instance Bright’s 
discovery of the connexion between albuminous* urine, and 
degeneration of the kidney. The law is as yet unresolved 
into any higher law ,of slyructure aikd function ; the Sidftey 
degeneration is not •associated with degeneration in any ot]^ei? 
tissues of the body ; and no account is given of the temporary 
production of albumen without the permanent disease. * 

It is an empirical law that about 250 persons in a year 
commit suicide in Loudon. Tins law may be extended a little 
way into the future, but it may not bo extended into a remote 
time, when moral habits may be different, nor to other cities 
and populations. ^ 

The Statistics of Mortality show a remarkable coincidence 
between the rifte of mortalit^^anif the density of the popula¬ 
tion. A high degree of longevity is founcf in thinly peopled 
districts, notwithstanding even the poverty that sometimes 
occurs in sterile tracts; and mortality reaches its mhaimum 
in the most crowded parts of cities. If we knew nothing of ^ 
the causes of this uniformily, if it were as empirical aa the 
medicinal action of mercury on\he system, wb could,not 
extend the law intd pther countries and other circumstances of 
the pppulation., But it is a derivative law, and knowing what 
ageflts the effect depends on, and what circumstances ^would 
defeat their operation,, we apply it without scruple {o every 
portion of the human race. We should, however, refrain from 
applying it to animals very differently constituted from man 
<is to the necessities of breathing pure air. All animals require 
oxvsren, but some need it fil smaller quantity, fbid are indif- 
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ferent to impure gases ; while warmth and the opportunities of 
bettei food might more than compensate for*the close atmos¬ 
phere of a i^onfined habitation. • 

• In^regard lu^the fTunmn Mind ?lnd character, we have 
uniformities that cannotw^x tended td the race generaily. 
Thus, the universality of sympl^ylDr feliow-fccling is Jiable to 
exceptions. Mr. Samuel Bailijy, after *quotiii^, from a travel, 
ler in Burmah, the incident of a drowning man* being behtUd* 
crowd as an amusing spectacle, and being ifllowed "to 
sink without an atttmipt at succour, makes the following 
remarks ?— , • * 

' Incidents If this kind (and the example might be easily 
parallelled from other nations) serve to show that when wo 
ascjjibo certain sentipjeirts to Imman nature or to men univers¬ 
ally on given occasions, because they exist amongst ourselves 
on those dbcasions, it is by no means a safe inference; wo 
cannot safely ascribe them except *to men under analogous 
circuinstancfts of knowledge and civilizatian. ^ 

‘ Wo may attribute with confidence to most men and to most 
rac<?a df men, the rndimei^ary feelings wjiich I have shown to 
driginate and to constitute moral senAimenfi^ and some o^tRem 
with equal confidence to all men : namely, sensibility to cor¬ 
poreal‘pleasure and pain; liking the causes of one and dis¬ 
liking the causes of the other; the propensity to reciprocate 
both good and evil f the expectfltion of the same reciprocation; 
and more or less sympatliy with other sensitive being#; but 
the direction and intensity of these emotions respectively it is 
gf^eli difficiflt and even ipipossiblc to assign : there are so 
many Tauscs at work to counteract, or modify, or suppress 
such of these comipon suscdfitibilities fis can b(f counteracted, 
or mollified, or suppressed—to call them fbrtlj or to keep 
them in, that, unfuruished with precise knowledge of national 
and SQcifll circumstances, we cannot predict with confidence 
how they will manifest themselves* on particular occasions.' 
‘Withput specific information of tRi» kind we cantkot safely 
pronounce that the people rude or di|taiit and imperfect!^ 
explored countries would, under given cireifmstances, share in 
those affections and moral sentiments which it seems contrary 
to our own very nature, under ^uch circumstances, not to tave.’ 

Thaf ‘‘the mind of man is,by nature conciliated and adapted 
to his Qoiidition ’ was formerly an empirical law. We may 
now consider it as a deduction,or derivation from tfie law of 
Universal Kelativity. The principle has been greatly abuseS,^ 
It has been loifeely extended far beyond the limits where it is 
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observed to hold true ; indeed those limits were never C(jrreotly 
marked in its empirical^tate. As a derivative uniformity, wo 
may assign, its limits with tolerable precision. 

The laws of Political Society are secoiidi^ry laws, either 
empirical or denvati^. Hence tbo “necessity tor limiting their 
applicati(jn. Tffe polificianfis, Jlke the ancient l^ailo^8, obliged 
> to sail close by ^e shbro, rarely, venturing out of sight of ijind. 

• We are not At libcjfty to transfer to our own time the nraxims 
suitable toHhe ancient worfd, supposing even that the aucien^s 
really attaiued any political rules highly»salutary in their own* 
base. , ^ • 

' The distinction between ancient and modofu history,’ says 
Mommsen, ‘ is no mere chronological convenience. Modern 
History is the entry on a new cyclt? of culture, coiuiecfpd 
at several epochs of its dovelopiuont with tho pcrisliiug or 
perished civilT/iaiion of tho Mcditorranoaii States, b»t destined 
to traverse an orbit of its (fwn.’ it would bo a vicious extension 
of secondary laws, t» predict tho oxtinetiou of modfsrn nations, 
because the great ancient empires are perished. • 

Wo cannot transfer at Gijico tho practice of one nation* to 
anotfiifp' r.atiuii. H^.rdiy any political device has boon so luuclf 
copied as the British constitution. Yet, its advantages being 
not purely empirical, but to a certain extent derivative,“ft may 
be extended to adjacent cases with .some confidence. 

It is suitable to tlie complicacy of the political structure to 
make ehanges in the direction of existing institutions, and to 
confide in them only when introducing a state of (liings nearlv 
adjacent to the present. After seeing the workifig »f a top*, 
pound fiMDcliise in this cdlintry, tho inference was faib that 
the lowering tb eight, seven, or ^x pounds could not depart 
very far frora^actifal experience. • * 

The uso of precedents in Law and in Politics exemplifies the 
rule of limitation. Bacon, remarking on legal preceddhts, lays 
it down that the more recent are tho safer, although, on tho 
other hand, they have aJeSs weight of authority. ‘A pfcce-' 
dent is at its maximujp of proviuj^orce when it iS sutllciently 
near our own timtfto ensure similarity of circumstances, and 
euflficiently distant to ensure the consolidation of practice, and 
the «3xperimental exhibition of,the practical result’ (Q-. G. 
Lewis). ^ * * 


11. Th§ rule may be farther illustrated under thb second 
Jotm of the Secondary Laws—Uniformities of remote 
connexion between caused and effect. 
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• Of these, the most prominent examples are the results o» 
slow processes in the arts, protracted ^-reatment in disease, the 
growth of*plants, the development of animals, the formation of 
the human character. T^at all emjfiricisms of this class must 
be prec’ai’ious and liable tOsfrequeift defeat is.apparent. Even 
when derivative to the full ext^ntjl the;jr are rendered^ uncertain 
by the number and complication of the ageacfcs. 

12* Lastly, with reference to UnifoAnities su^pected» or 
known to be effects of a common cause. 

The principle of limitation is still the san^p. 

As an example, the case is put—what reliance are we to 
plaoe on the sun’s rising to-morrow ? 

Suppose, in the first place, that this were an empirical 
generality, we being ignorant of its derivation. Suppose, 
also, thatfWe have authentic evidence that the sun has risen 
daily for the last five thousand years. How far into the future 
are we at liberty to c^xtend the law ; to .what limits of ^time 
should we cj^nfine it ? The answer is, we may count the con- 
tirgiauce in the future, on the same^ scale as the continuance 
in the past; wo may fairly assujne a 4 )eriod countptT by 
thousands of years ; we may be tolerably certain for one 
thousapd years, and have a considerable probability, for three, 
four, or five thousand ; but we should not be safe in extending 
the scale to tenst of thousands, still less to hundreds of 
thousands. For'anything we should know, a catastrophe may 
be preparing that will speedily interfere with the regularity of 
day aii^l night; still, long continuance in the past reduces, 
'wSthoat annihilating' the chances. ‘ 

jjet us next look at the ca^e as a derivative uniformity. We 
know* that the pllenomenon wfll continue*so \png as these 
circumstances are conjoined, namely, (1) the luminosity of 
the sun,*(2) the earth’s being within a proper distance of the 
sun, (o) the earth’s rotation, and (4)»the negative condition of 

* the absence of any intervening opa^u^ body to act aa a screen. 
Now* we kupw from past tfeperienco that all these conditions 
are likely to be perpetuated for a period of time, to be estimated 
by not less than hundreds of thousands of years. The sun 
may bo cooling, but the rate, judging from the past, is 
extremely slow ; the earth’s rotation is believed to be subject 
to decay, but the rate of ‘decay is infinitesmafty little; the 
romovaLof the earth out of the solar influence is in opposition 
to our very best guarantees; and the permanent intervention bf 
an eclipsing bgdy is the most unli|^§ly incident of all. Thus. 
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theo, while, as an empirical law, we caunot well extend the 
rising of the sun (ur day and night as we now have jt) beyond 
thousands of years at most, we may extend it, as a* derivative 

law. to hundreds of thouSands, if noiirto millicwis. 

• « 

.EVId55^CE of Tllli I.AW OF CAUSATION. . 

• • * 

. JL3. It may be shown that the Law of Causation, tlm indi¬ 
spensable ground u^)rk ot'all Induction; itself reposes 
the highest evidence suitable to the case—uncoutfadicted • 
i\greeinent throijgh all natur^ 

We have hithertp taken for granted that sufficient evidence, 
of the only kind suited to the case, has Jjeeu obtained in favour 
of the law of Universal Causation, on which law have been 
grounded all ihe processes of experimental elimination. A 
summary of til is evidence# will farther illustrate the logical 
fu’fMjesses detailed in the foregoing chapters. • 

Tlie uniformity of successions was first obseryed in easy 
lustancos, such as the more obvious mechanical• eflectai ,A 
bod^ at rest was obseiVed dever to move from its place without* 
the ajiplication of some force to move it; a body in motifTii 
was observed not to stop abruptly without interferenc© and 
obstruction. The faet of the descent of unsupported bodies 
is invariable. So light and heat display obvious regularities 
that could be counted on. Even in the instabtlity of the winds 
there w*ould be discovered circumstances of constancy. The 
most complicated of all things, living bodies, we*o ^en .to 
have numerous points of stsiking uniformity. 

That change,pf every kind whatsoever follows on a definite 
prior change, could not be atfin’med in early# times, except by 
the mere institict of generalization, which is no proof. Hence 
in ancient philosophy, there were alternative suppoei^ions. 
Aristotle allowed an elemep.t of Chance, along with the reign 
of Law. • 

Modern ‘science has extended t^e search into ^latural se¬ 
quences, collecting ijeft examples of uniformity, and removing 
exceptions and apparent contradictions. Investigations have 
been jmshed into every department of nature; and had there 
been any decisive instances wherrf change grew out of nothing, 
or where the same agerrt, m the same circumstances, wg^s not 
followed by the same effect, such instances must havh been 
brcaight to light. * 

* 14. In the form of Persistence of Energy, uflder definite 

8 
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laws of Collocation, the Law of Cause and Effect has been 
subjected* to the most delicate expefimental tests. 

By ij’yefragafele observations it ^was shown that Matter is 
in'destructible,. which is one element pi nature’s constancy. 
Farther observations have prqveft th^ numerical Bcraistence 
of Force thronghont all its trartsformations„an^^also the unifor- * 
mity of the collocations or arrangesients for transferring it. 
t I'he first contribution to this result was the proof of Ihe 
' Laws of* Motion, as respects both the continuance of motion 
once begun, and the conservation of the total moving force in 
cas 9 of transfer by impact. These mechanical verities make 
up one department of uniform cause and ‘'effect. Next came 
th."? proof of the equivalence of mechanical force and beat— 
the constancy of the amount of one produced from a definite 
amount oT the other. Joule’s mechanical equivalent of Heat 
testifies to nature’s constancj'^ in a very wide department. 
Following*on this is the mnmerical estimate of the h^at of 
Chemical ccfmbiiiations, also admitting of numerical statement, 
frfimVhich there is no ideviation > a tl^wd great department 
oLconstancy is thereby established#* • , * 

If numorjeal equivalence has not been arrived at in Nerve 
Yorce,* and in Light, the subtleties of the phenomena are 
"sufficient to account for the deficiency. We have reasonable 
ground to presyrfte that, according as these phenomena are 
fully understood, they will show the same constancy ae all the 
rest; the burden of proof lies upon any one maintaining the 
^ foVitraf-y. ^ 

The only exception usually claimed to the Law of Causation 
is the alleged Freedom of the^Will. But \^hatever be the 
mode of dealing -^ith this lon^-standing enig^aa, there is a 
statistical testimony in favour of the constancy of human 
motives. The actions of men have a degree of regularity 
compatible only with uniform causitition. 

Mr. Mansel has characterised as •a ‘paralogism*’ the doc- 
tripe that ’'the ground of^ll Induction^is itself an Induction.* 
He might have called it a paradox or an, an apparent 

contradiction needing to be resolved: it is pot a paralogism 
unlei^ jt can be made out atself-coutradiction. * • 

If the account given above of the. methodfi of Proof and 
Elimii^tion is sufficiently intelligible and .conclusive, notliiug 
farther js necessary to resolve the paradox. There is one fun¬ 
damental mode of Proof—Agreement thsough all nature—^by 
which all ulfSmato laws are established, including Causation. 
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There are several derivative, deductive, or dependent methods 
of Proof, the special •Methods of Elimination—Agreement 
(accordingto Mill’s Can^), Difference,and Variations; these 
are called by courtesy 1ydactive iSethodsj^they type more 
properly Dedu#ive 5!kthods, available in Inductive investiga¬ 
tions. • The special form oftA.greement described in 'the canon 
is jiot quite thy same as the fundamental method of 4-gi^6e- 
mqpt, on v^hich alone repoae all the ultimate generalizations. 
That canon, as supposing Causation, would be inapplicable 
|he proof of Causation. The method of Agreement that proves 
Causation is not ft method of elimination. It dotj^ not proceed 
by varying the circumstances, and disproving successive 
antecedents; it can only find A followed by a, wherever the 
two occur. Until the law is.first proved,'we cannot estabUsh 
A as the cau^ of a, by omitting successively B, C, J), and all 
other accompanying circuicstances, leaving nothing constantly 
joined save A and a; even if this were done, there must still be 
a seiMch through all fiature for A followed by a, when the ques¬ 
tion of causation itself is at issue. Hence Agreem^it for pstab- 
lishyig an ultimate law ft not the •same as the Method 
Agreement, in Mill^ can(Jli, for establishing cases of causation, 
after the general law is sufficiently guaranteed. 

There is a certain propriety iji comparing the establishment 
of the Law of Causation (or any other ultimate law), with the 
proof df an Empirical Uniformity, which has nothing but de¬ 
tailed Agreement to found upon. True, an Empirical Uni¬ 
formity is to be applied on\y a little way beyond the limits df 
time, place, tuid circumstances. But, now, as Mr. Mill 
remarks, ‘ if wo sjippose the gubject matte^of any generaliza¬ 
tion to be so widely diffused, jthat there is no time, no place, 
and no combination of circumstances, but must a^ord an 
qxample either of its truth or its falsity, and if it be ^ever 
found otherwise than true^ its truth cannot depend on any 
jDollocafciofis unless such efs exist a^all times and j)laces;*nor 
can it be frustrated by any counteracting agencies, unless by 
such as never actually occur. It is, therefore, an empirical 
law, GO-extensive with all human experience; at which point 
the 'distinction between empirical laws and laws of nature 
vanishes, and the proposition takes its place among the most 
firmly established, as well as largest truths accesifible to 
science.’ * 



CHAPTER :^IL 
•EXPLANATION (JP NATURE. 

1. The laws arrived at by Iiid^ctioi\.aud Deduction are 
ttve proper Explanation of natural phenomena. 

Bxplauation has various meanings. I’hese all agree in 
affording us^a certain satisfaction or relief when oppressed 
with the difficulty, obscurity, perplexity, contradiction, mys¬ 
tery, of natural facts. But the human mind has at different 
tiiiVviS been sati-.lled'in different, ways ; and individuals still 
vary as to the kiad of explanation that satisfies J;hom. 

When Kll Nature was peopled wjth deities, and the various 
phenomena partitioned among them, a sufficient explanation 
of anything was ihat a certain god or goddess willed it. , 'jJ'hG 
interventioif of Neptune was a satisfying account of why a 
storm arose. The wratbtof Apollo «was i;hc explanation of the 
plague ihat broke out among the G>ceks ojt the siege of Trby.* 

Th^ro is ^ special and cvery-day form of explanation that 
consists in assigning the agency in a particular occurrence 
as when we ask— what stops the way ? who wrote Junius ? 
who discovered gdnpowder F These questions belong to our 
practical wants and urgencies, but tho answer does not involve 
the process of scientific explanation. If, however, we proceed 
from^the ^ who ’ oy ‘what’ to the * why —why does A’s 
carriage stop the way ? w^ did the author of Junius write 
so bitterly ?—these is an oper^ng for the higher scientific 
process. * ^ . 

2.. The basis of all scientific explanation consists in 

1 assimilating a fact to some othgr fact or facts. It .is 
identical with the generalizing process, that is, with In¬ 
duction and Deduction. * 

eJnr only progress from the obscure to ‘the plain, from the 
mysterious to the intelligible, is to find out resemblances among 
facts, to make different phenomena, as it were, frateunize. 
We cannot pass out of tb^ phenomena,themselves. We can. 
explaint^a motion by comparing it with some other motion, a 

* 3 )o Grotb's Plato (Phtedon) f( r the views of the ancient philosophera 
regard to Explaoation, or the Id< a of Cause.* 
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pleasure by reference to some other pleasare. Wo do nob 
change the groiindwc^^k of our conception of things, we 
merely assimilate, classi^, generalize, concentrate, or reduce 
to unity, a variety of seonyngly different things. , • , ’ 

The phenomenon of combustion was considered to have 
been gxplained whe^ Prieltley showed it to be the com^^ina- 
tion of oxyge]^*with carbon of other substance; in shqrt, he 
‘assimilated the fact*to cases of oxidation, as the formation of 
th*e red precipitate of mercury, the j[-ustiiig of iron, 
Lightning was explained by Franklin’s assimilating it with 
^electricity. The polarity of •the needle was ^explained by 
assimilating the entire globe to a magnet or loadstone. . 

E ^lanation thus steadily proceeds side by side with 
assimdatipUj^^gen^alization.. Combustid^TTvas explairied*by 
dxidatiou ; oxidation is explained by the higher g^ierality— 
chemical conibination ; cljieraical combination is swallowed up 
in^the Conservation of Energy. ^ 

3* Mr. Mill distinguishes three forms of the.^xplaijation 
of facts and laws. . • • • 

1*. Expjlaining S joinf effect, by assigning the la vs»of 
the separate causes, as in the ordinary Deductive op(y«,tion. 


The Deduction of a complex effect, by computing the sum 
of the separate elements, is also the cxplau5.tjon of that effect. 
By combining gravity with projectile impulse, we explain 
the motions of the planets. This deduction orico^verified, is 
offered as the explanation of the planetary ^motions. Tn^othw 
words, the showing that these motions are made up ot tho 
two causes—^avity and tan^enfial force-ris tho explaining 

of their motions. ^ 

In such cases, tho explanation points out tlie simple causes 
concurring, in the shape of forces or agencies, and aTs(f indi¬ 
cates their amount and •their due concurrence. Jupiter s 


orbit depends on the massTjf tho sun, on the tangential force 
oT the planet, and orbits mean di^ance from the sun. These 
are, in the languUigftjof Astronomy, the coBjJicientSf which must 
be given in ord^r to our assigning the result of the operation 
of the laws. A mere law, suchrfis the law of gravity„is not 
an explanatioij until it,is clothed in the concrete statement of 
two or more gravitating masses, with a given amoni;|^ and a 
given distance from each other* These numerical statements, 
Jhe coefficients,of Astronomy, are also said to determine tho 
collocations of the agents eddteerned. 


A 
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To explain the rise of a balloo n, is to give the laws of 
gravity, o^ baoyan^* aiict org ^^ons* elasticity, and to state 
the^xact ^wei ^t and elasticity'oFp^^tmosphere, and the 
spec ific.grav ity <Df the mSas STftteT^aJloon. 

'To explain genius is to refer it to geivfral la^s of the mtnd^ 
or to certain elementary powers—tntellegtual and emotynal— 
who^e^ higher or lower degrees and modtes •'of combination 
produce the kind of intellectual superiority so named. 

^To explain the rise of free governments is td state £h 0 
'general jlrinciples of Human action, and the definite collocatioiY 
of circumstaiy3cs calculated to produce the effect. 

T|ie separate laws are obviously mom general than the laws 
Q^j^cj^njpint effect. Gravity has a mucfi wider sweep tlian" 
pUraetary motions ;* th*e law of the perseverance of moving 
bodies in a straight line is far more comprehensive than 
tangentiaf impulse. , 

4. II. E\plaiiatipu may assume the fform of discovering 
an in{ermed\ate link, or links, between an antecedent and 
^ consequent. 

*Vhat seems at first sight the direct or immediate cause of a 
phenoihenon may, by the progress of assimilation, turn out 
the remote antecedent. The drawin g the trigger of a mn sket 
is followed by the p ropnisioil of a bal l. Tlio tr^oTHiis 
phenomenon is given by disclSng a series of intermediate 
sequences, each of which is assimilated with some known 
sfJiJuenCe. * The trigger by concussion evolves heat; the heat 
ignites the gunpowder; the gunpdwder is a mass adapted for 
very rapid combustion ; the* combustion evolvtj gases whicb, 
being’ confined in s# small space, have a vefy hi^h expansive 
force ; the expansive force propels the ball. 

Again, the contact of sugar with the tongue is the precursor 
of a feeling of the mind, the sensation called sweetness. The 
explanation, so far as hitherto attjftaed, supplies the following 
series of elefepr links. Thd‘ sugar is absorbed by the mucus 
membrane of the tongue, and comes in contact with the fila¬ 
ments of the gustatory nerve; there ensues a chemical or 
some other molecular actioq on the nerve. This act'ian is 
of a kind that can be propagated along the course of the nerve 
to the nerve centres, or the brain ; whence are diffused a multi¬ 
tude or nervous currents endiqg in muscular movements. To 
the cerebral agitation attaches the mental state called the Sensi^- 
tion of sweetfiess. 
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The unexplained phenomena connected with the ’ Law of, 
Conservation refer to tjj^e intermediate links, or transitions, in 
the intercliange of the mechanical and the molecirlar forces, 
and of one molecular forte with another. The muhiculai\pro- 
cesies in the convc'rwon of mechanical eiuTg^ into liynt 
into ele^tricit}^ cherilical .force into muscular power and 
nervofls poweCf —artf rtot accounted for: and we See oj^ly a 
beginning and an*end whore we have reason to beliexje that 
there mu84 be varioi!s intelmediate stages, each susceptible of 
being assigned and brought under sora(i general law of cauSti- 
tion. 

The in termediate link s, or sequences, are each one more 
than the combinQ(Lse c|iiRncf>- Take the case of a sweet ta,sto. 
The absorptive power of the animal,m<ynbranes for various 
substances (the crystalloids*of Graham) is a general la\^ of 
which tlie action in tasting is Tiierely one example^r applica¬ 
tion. The molecular disturbance from the contact of nerve 
aild sugar is but ^ case of chemical or molecular affinity. 
The* current action of the nerve force is a limited instance of 
current actions ; the electrical forces exhibit^ other, cases, 
thi^ whole being ^comprehensible under some higher 
Finally, the link that relates the physical actions of the bvain 
with tlie mental effect belongs to some wider fi4atem,j»it that 
relates mental states generally to their physical coricomitauts. 

As observed, in the jirevioiw chapter, i|^ is incident to such 
manyjlinked sequences, to be more frequentily frusti’ated than 
the siir.plor sequences that make them. A circumstance 
counteracting any one of the closer links couijtoracts^ the 
whole phenomenon. If the lock of the musket make% an in¬ 
sufficient concussion of the explosive substance; if the gun¬ 
powder is rendered incombifitible by darr^; if the exp^inding 
gases burst fhe piece :—in atiy one of these contingencies, the 
ball is not propelled. • • 

5, HI. The third rftode of Explanation is termed the 
Subsumption of one law*into anotlier ; or the gatheryiig uf 
gf several laws in tne more geiioral and all-ccfln])ieliending« 
law. 

JPhis repreiSents the upward march of generalization, pure^ 
and simple. We have attained a certain number inferior 
generalities,* by assiftiilating individual cases in ordinary in¬ 
duction., Wo have assimilated the kindling of firty? for heat 
fend for light and for the disintegration of compounds, under 
one bead, called combustiQu ; we have assimilated the tarnish- 
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ing and coiTOsion of metallic surfaces under another head; 
we subsume both under the higher Jaw of oxidation, which 
both exenij)lify. We have also assimilated the action of acids 
upon alkafies under a general headt we find that this case 
can fraternize *with the foregoiifg anti w\^h many ofclier 
phenomena, under a still highe^ or more general ^spect^ 
signi^ed by chemical comhimLign. * * * 

So,* agam, terrestrial gravity and cele;?tial aWaction, eabh' 
the result of separate assimilations, being found to'agree, ^re 
.siTbsumeji into the illustrious unity of Universal Gravitation. 

Magijfijtism, Gon ^pion Electricity, VolJ|^^ Electricity, 
Elec tro-Ma grretism, &c., are all strung upon^'TEe"'common 
thread of Electrical Polarity. * 

Capillary attraction, solution, alloys (not chemical), cements, 
&c“ are subsumed under the gen&'al law of molecular attrac¬ 
tion (not^chemical) between different substances, niuued 
heterogeneous or alien attraction. ' 

Kumeroiui laws of smaller compass are subsumed upder 
Relativity. „Tbe pleasures of variety and novelty, the neces¬ 
sity of contrast in wcjr^s of art, g,ntithesis in rhetoric, the 
statement of the obverse or counter proposition in science,—are 
rnifior laws generalized, but not supertseded, by the higher 
law. •„ 

When minor laws are thus merged in a greater law, the 
mind feels a peculia,^ and genuine satisfaction—the satisfaction 
of liaving burst a boundary to expatiate over a widen* field. 
We rise from a statement bearing upon a small group of facts 
to a, sta^ment comproheriding a much larger group ; I'rom a 
teh-fold condensatioA, we reach a thousaud-fohl condensation. 
Tl;e intellect, oppressed with the variety and hiultiplicity of 
facts, is joyfully reheved by the sfiiiplification^and^the unity of 
a great principle. '' 

The charm of resolving many facts into one fact was acutely 
felt by the speculative minds of antiquity. It took a power¬ 
ful hold of the earliest Greek phih/sophers ; and made them 
nlmo^ unanimous in imagining that all phenomena whatso¬ 
ever are at bottom one, or are ausceptiblo'of ibeing represented 
in some single expression, being merely the many-sidedness of 
some single central power, substance, agent, or cause, ^^uch 
unity was, according to Thales, Water; according to Anaxi¬ 
mander, an Indeterminate Substance ; according to Anaxi¬ 
menes, ; according to Pythagoras, Number. * . 
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.LIMITS OF EXPLANATION. 

6. Scientific explanation and inductive generalization 
being the same thing, ^he limits Expl^iation are the 
limits of Indu^ion.*, * * • 

Whferever Irii^ucti6n*(exi^nded by Deduction) cad go,J:bere 
.legitimate scientific Explanation can go, they being the same 
process diferently n^med. * 

^ 7. The limits to inductive generalization are tlie limits 
to the agreement or community of facts. ^ • 

Induction supposes similarity among phenomena, and when 
such similarity is discovered, it reducas tj^e phenomena under 
a common statement. The^ similarity of terrestrial grfiVity 
t o celestial aW;ra| Ction enables the twoTb be 
pRenomenon! The similarity between capillary attraction, 
solution, the oporatipn of cements, &c., leads to Jjheir being 
regarded not as a plurality, but as a unity, a single causative 
link, the operation of a single agency. • • . 

So remarkable havb been the achievements of modern times^ 
in the direction of lofty generalities, that some countenatice, 
seems to be lent to the ancient dream of attaining an ultimate 
centralized unity in the midst of the seeming boundless 
diversity of nature. • , 

It depends purely on actual investigalhon, how far all 
phenomena are resolvaVile into one or into several ultimate 
laws ; whether indnetive finality leaves us with on« principle, 
with two, or with twenty principles. • • * 

Thus, if it be asked whether we can merge gravity itself 
in some still higlnfr law, tho aifswer must defend upon tli&facts. 
Are there liby other forces, at present held distinct from 
gravity, that may hope to make •fraternize with ity so as to 
join in constituting a higher unity ? QuSiJljll'y attractive 
force ; an^ another grea^ «attractive force is coJissio n, or the^ 
force that binds together the atonas of solid matter. Might 
^0 therjoTuTOSST9f5'^ rxpfessed under 

a more comprehensive law Y Certainly we might, but not 
to advantage. The two kinds of force agree in the one 
point— atj^rnntio n. but they agreb in no other ; indeed^ •in the 
manner of thd attraction they difier widely; so widdy that 
we shoult^ have t6 state totally distinct laws for each. •Gravity 
i^common to all matter, and equal in amount ineqnal masses 
of matter whatever be th^» kind; it follows th® ®f ^he 
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•diffasion of space from a point (the inverse square of the 
distance) ; it extends to distances unlimited; it is indestruc¬ 
tible and Invariable. Cohesion is special for each separate 
subs^nce; 'it de crea s es according* te distan ce much more 
rapidly lhan~the* inverse square, TOmsEing entirely at vgry 
small distances! Two such forces bave*not siiSBcient^kindred 
to be»gene'ralized into one force; the •gtneraiization iS only 
illusoiy ; the statement of the difference would «,till make two . 
forces ; while the consideration of due wofild not ir> any way 
eimpliiy ,the phenomena of the other, as happened in the 
generalization of gravity itself. ^ 

Again, gravity , considered as a power to put masses in 
motion, to generate visil)le or moving torce, may be 
compared, by w;iy of an attempt at assimilation, with the 
equally familiar mode of begetting m otion bv impacL or the 
stroke of q, mass already in motion ; as? m propel tang a bai* by 
a mallet. Hero too, however, we«have, with similarity of 
result, a tot^l contrast in the mode. Gravity draws bodies 
together froip a distance ; impact must be supposed to Urge 
them through their atomic repulsions. When the expanding 
gases of kindled gunpowder blow ti bullet through the <ur, 
JihtA'e is no actual contact of the parts; \here is merely the 
operation ol« povvcrfhl forces of m utual repuIs ion. acting, 
however, at very short distances, like Hie cohesion of solidity. 
Now, there appearg to be nothing in common to gravity and 
these atomic repulsions, exce pt the re sult. We have, there¬ 
fore, no basis for assimilation or inductive generalization in 
such a,co»iparison. The two modes of action must bo 
aflowod to lie aparfr in physical science; they must be em¬ 
bodied in different stateraenits or laws, with no Jiope of being 
over brought together. * i 

It is because gravity does not aisimilato with the propulsion 
of impaoi from a blow or a stroke that people have accounted 
it myalerions. In point of fact, theye is no more mystery in 
rthe one than in the other. Attraction, from great distances, 
is onE form ,of the produefon of force; Repulsion, at near 
distances, is another form. The last c^’ [he, two is, on the 
whole, moat famUiav to ua; it is t\ie genua that our own 
physical force belongs \o *, and we,*by a mere* whim, Bup] 2 ose 
it a sifnfiler and more intelligible mode of exerting power; 
the tru[b being that, in all that regards simplicity and intel- 
legibilitt, gravity has the advantage. It is only by confining 
ourselves to the superficial glaifce of bodies coming'into clo?e 
contact, thenqe giving and receiving mbmentum, that wo* 
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suppose this mode of exerting force a simple one; the inter*’ 
polated links of moleoijlar repnlsmii are much more compli¬ 
cated than gravity. • 

A similar line of remariss would apply to ai^ endeavour tp 
assimilate gravi^ with the Oorr ^f^|:fi(l Forces g enerally; These 
forces byJiE'eirnature fiount^ract gravity. The*various move¬ 
ments *in nature are*eSplicable^ by the conflict and mgtual 
action of twcf great Powers; Gravity, on the one -hand, 
and the sutn total the Cforrelated Forceu, polar and mole- 
cular on the other. The Correlated Forces mostly applear, 
lihaer the guise o/ repulsions, as, for example, heat; SP much 
so that this must be considered their typical manifestation j 
the electrical and magnetic attractions are exceptional, -and 
are probably mere superficial aspects ofir the deeper fact of 
repulsive separation. • 

Three depa'l’trnents of Force thus stand out so distinct as to 
be incapable of assimilatiotl :—Gravity, the Correlated Forces, 
and Molecular Adhesion. This mst appeaii jander two 
form*sthe attraction between particles of th^ same sub 
stance—iron for iron, water for water ; and tlie attwction 
between two 8ubst£y;ices—jis iron for lead, water for alcohol o» 
for common salt. There may be a possibility of goneraliztng, 
these two, or stating them as a common force. S(ftne approach 
has been made to this in the I'act that the second kind of 
attraction holds between bodies nearly allied—as metals with j 
m etals^ earths with earths. • ~ 


8. The ultimate laws of Nature cannot be less numerous 
than the ultimate feeling^ of the humaii mind. * ^ * • 

This, as Mr»Mill pointed out, m the insurmountable barrier 
to geheralization,*aud consequently to expl&nation. Whatever 
number of distinct states of tsonscioiisness, not mutually re¬ 
solvable, can be traced in the raindjHthere must be that number 
of ultimate facts or elements of knowledge, and of uftimate 
Jaws conqpcting those st^tas with their causes or concomitants,* 
If the sensation of colour be radically distinct from the feelings ^ < 
of resistance, of,m©v^ment, of form, there must be a sopjfrate 
law with reference to colour. The phenomenon called white¬ 
ness ’cannot be resolved* into the phenomenon of form, or of ■ 
motion, * ^ * 

Even if weTouud that the fact'of whiteness is conditioned 
by a cer^qin molecular structure, and certain molecuftir move- 
ntents, we should not thereby resolve whiteness into movement; 
*the facts would be distinct facts, although ioified in nature. 
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So, we are aware that the sensation of sound is conditioned by 
a vibratory movement of the particles of a sounding body ; 
but the vibration is not the sound ; all wo can say is that a 
law,of causation relates the vibration to the sound. Now 
tliere must always remain one la^ coniiectipg the molecular 
movements of bodies with the i^ensation of whitenejis, and 
anotjjer lAw connecting molegilar movements with the sensa¬ 
tion of sound. ^ 

In so far as all sensations are generalized intd^a comthon 
.fifbt of spusatioii, having similarity with diversity, so far may 
we generalize the laws that connect sensatii)n with corporeal 
activities. 'Bhis is a real and important step of generalization. 
Yet*it does not supersede the necessity of ftther laws for con¬ 
necting special and'irresolvable modes of sensation with their 
sp^Eial seats of corporeal activify. We may have a law of 
pleasure aj^d pain generally; yet w’e need laws for the distinct 
modes of pleasure and pain—the pfoasures of light, of sound, 
&c.—inasnyich'as these cannot be resolved into each othgr. 

Tho grea4 generalities relating to Force all refer to one 
^eu§ibilitif of .our nature-j-the musgiilar^ or the active side; 
^wing to which fact, they may adjnit oii unity of law, Sr a 
coifiHion statement. Likewise, there may be unity of law as 
regard^ Liglft and Colour, provided all tho modes and varie¬ 
ties are resolvable into the variation in degree of some funda¬ 
mental mode of consciousness. "If there be several fundamental 
modes, there raitst be a law for each; thus there may be 
wanted one law for white light, with its degrees, and one for 
each of ^hoprimary colours—four laws for the sense of sight. 

*Weunay be able fb discover hovf Heat causes Light to the 
extent of generalizing the rftolecular condition ^f luminosity, 
and oonnecting tlSs with the tnolccular dond^ion of high 
temperature ; but that such mofhcular condition and its ac¬ 
companiments—radiation, •refraction, &c. •— should yield the 
sensation of light, must always be espressed in a distinct law 
r. law uniting an objective with a stfbjpctive experience. Sue! 
f is thd propea goal or end df our knowledge in regard to the 
phenomenon. • 

FALLACIOUS AND ILLUSORY EXPLANATIONS. 

9. Qi\e form of illusory explanation is to repeat the fad 
in different language, aligning no' other distinct yel 
parallelYact. ^ . 

This is ridiculed in Moliere’s physician, who gives as the 
reason why opwm causes sleep, that it has a soporific virtue. 
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Not much is done to explain the greenness of the leaf bf 
plants by saying that it is due to*a substance named ‘ chloro¬ 
phyll.’ The only step gained is the fact (if it bo d fact) that 
greenness in all plants i» due to the same substance. • 

^ simile is sometitnes oftered for an explanation. •’Black’s 
Latent I^eat wiiS merely a ^e-statement of the fact: he might 
liave ^one on 4o cafl ^t secroj^ concealed, ombodie'd, slmt-up 

• iieat; all whith e'xgressions would merely iterate the circum¬ 

stance that a certain amount of heat no longer appeared^as 
heat to the sense, or to the thermometer*. • 

• It is with the^ great ultimj^^e generalizations, such as the 
Uniformity of Nature, and the Axioms of MatRematics, that 
wo are most pro»e to give as a reason, or proof, a fnere 
various wording of the principle itself# ‘ Why must^the 
future resemble the past? ’ Because Nature is Uniform.’ 

The phenomenon, sleep, was referred by Whmwell to a 
law of periodicity in the fftiimal system. This, however, does 
ndthing but I’opcat, the fact to bo explained ; 4here is no 
assirhilation with another fact, so as to yield a Jiigher gene¬ 
rality, which would be ind^uctive exp|^\nation, and no referotice 
to higher generality already formed, which would bo deduiJ* 
tive explanation. A step towards real explanation is made bw 
comparing it with the ropo.so or quiescence oT the^brgans 
after any activity whatsoever. This is to assimilate the 
phenomenon with another disiiiTct phenomefion ; the two taken 
together form a higher generality, which, 80 *far as it goes, is 
an explanation. 

10. Another illusion consists in reffarding phenomena 
as simple because they are famfliar. 

Very familiar facts seem t« stand in no need of explanation 
themselves, and to be the means of* explaining whatever can 
he assimilated to them. , 

Thus, the boiling and eviiporation of a liquid is supposed to^ 
be a very simple phenomenon rei^uiring no explanation, and 
a satisfactory rngdipil! of the explanation of rarer phenomena. 
That water should dVy up is, to the uninstructed mind, a thing 
whqjly .intelligible; wbefoas, to the man acquainted with 
Physical science, the liquid state *8 anomalous and inexplicable. 
The lighting *of a fird, by contact with a flame, is great 
scientific^ difficulty; yet few j^eople think it so. •A soap 
bitbble is *a oonflux of unexplained phenomena Voluntary 
Rction, from familiarity, long been reckoncjd so simple in 
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‘itself as to have provided a satisfactory explanation of all 
other modes of generating mechanicalrforce.* 

H. The greatest faljacy of all the suppcfeition that 
something is tt) be desired beyond the most generalized 
conjunctions or sequences of phenomena. 

* ^ C C . 

It "is supposed by many tlw-t the possession of a supreme 
generality on any subject is insuf^cient ^ the mind, it is said,* 
cufives for something deeper, and this craving fwhich dan 
“never bo satisfied) is’considered to be proper and legitimate. 
The golicralization of Gravity leaves behind it a sense of 
mystery unsolved, as if there were something farther that we 
might arrive at if obstacles did not intervene. 

Kewtou seemed finable to acquiesce in gravity as an ulti¬ 
mate fact. It was inconceivable to him that matter should 
act upon ether matter at a distance, and he therefore desired 
a medium of operation, whereby gravity might be assimilated 
to Impact. * But this assimilation has hitherto been impracti¬ 
cable ; if soj gravity is an ultimate fact, and its own suflicing 
and iihal explanation. « , , 

“ The acceptance of the law of unteersal gravitation as s? full 
»and'final solution of the problem of falling bodies, without 
hankering or reservation, is the proper scientific attitude of 
mind. There seems no hope at present of making it fraternize 
with a second force, and there *18 no other legitimate outgoing 
of enquiry with reference to it. « 

In the same way the mysteriousnoss often attributed to 
If eat, it pftrtly resolved by the Theory of Correlated Forces, 
unde^ which heat fs assimilated tb movement. The subjec¬ 
tive fact of heat—the sensafton of the mind set described, is a 
fact (foming under*the general relationship flf body and mind. 

Light is still a mystery in tho*legitimate sense ; it has been 
bnt iippferfectly generalized as regards its physical workings. 
Every isolated phenomenon is, in«the proper acceptation, *a 
^mysjery. ^ 

Apparen# contradiction Is something that demands to be 
explained ; investigation should never short of the attain¬ 
ment of consistency. Thus, the glacial period of the earth’s 
history, is at variance with tlje only hypothesis yet framed as 
to the sWar agency—the slpw but gradual cooling in the course 
of ages* 

The fnolecular aspect of th^ Correlated I’orces ja repulsion 
(as in Heat), yet in Magnetism and in Ffiction* Electricity! it 
appears as attraction. 
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Free-will is often stated as a hopeless and insolable contra¬ 
diction. To leave an^ problem in sncb a condition is un¬ 
scientific. • , 

The union of Bodj^and Mind has long been consiijerefl the 
mjiteTj by presemineMce. The prevailing opyiion has been 
that tliis Connexion would for ever resist and paralyze explana- 
* ti(ip. Yet, the scientific mod^ of dealing with the cale is 
cle^ir. Th^ material*properties and the mental properties are 
each to be conceived according to their own nature—the one 
Jpy the senses, the other by self-consciousness. We'then en-' 
deavour to assimitate and gen^alize to the utmost each class 
of properties ; we generalize material properties into inertia, 

, gravity, molecular forces, &c.; we generr^ize mental proper¬ 
ties into pleasures, pains, voytions, and modes of intelligence. 
We next endeavour to rise to the most general laws of the 
union of the two classes o^properties in the human and animal 
organization. When we succeed in carrying this generalizing 
operation to the utmost length that the case appears to admit 
of, we shall give a scientific explanation of the relationship of 
bodj and mind. Any farther explaftation is as incompetent^ 
as it is unnecessary^nd uftmeaning. . • 

Such language as the following is unscientific Coi\pcioua* 
sensation is a fact, in the constitution of our corporeal and 
and mental nature, which is aljpolutely incapable of explana¬ 
tion.’ The only meaning attachable to this is* that bodily facts 
and m'ental faefs are fundamentally distinct, yet in close 
alliance. So—‘To this day, wo are utterly ignprant how 
matter and mind operate upon each other* Properly* speak¬ 
ing there is ncjthing to be kuown^but the fact, generalized to 
the utmost. • 

‘ Is there * -says Hume ‘ asy principle m all nature more 
mysterious than the union of soul, and body ; by .which a 
supposed spiritual substance acquires such influence cfver a 
material one, that the mosi^ refined thought is able to actuate, 
the grossest matter ? ’ * 

^ Again, ‘we knowwiothiug of the objects themselves which 
compose the universe; our observation of external nature is 
limited to the mutual action of material objects on one another,’ 
What IS the good of talking of *a supposable, and ypt impos¬ 
sible, knowledge ? * 

* See Fbiuueu’s Remains (vol 11^ p. 436), for some pertineift remarks 
oefthe nature oi* Explanation. 
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1. Various meanings belong td the ^ord Hy^pthesis^ 

, •!. It ineans the sj^ippositions, suggestions, or guesses, ns 
to any jnatter unknown, leading to experimental or othef 
operations, ft>r proof or disproof 

In the course of a research, many suppositions are made, ^ 
an* rejected or admitted according to the evidence. Kepler 
made an incredible number of guesses as to^the planetary 
relations l^efore he discovered th^ actual laws. Davy sup¬ 
p osed t h ^ alkalie s to bQ..comppunds before be established fhe 
facTBy d^mpoSing them. • 

In the Inductive operation of arriving at general laws, the 
supposition made is some law that appears likely to explain 
the fact, as Kepler's Third Law (of pjrioditftimes and mean dis- 
"tances). £5uch suggested laws have to be duly verified 
according to the Experimental Methods. 

In the properly Deductive ^operation of carrying out a law 
. by bringing cases under it, the supposition is an identity^ as in 
the examples already given under the Deductive Method. 
The hypothesis of a man’s being guilty of a certain crime is of 
this uaturo; the proof consists in the tallying or fitting of the 
circumstances of the acensed with the circumstances of the 
crime (commonly called ‘ circuiy^stantial evidence ’). Of the 
same nature is ‘the hypothesis.pf Wolfe with respect to the 
origin of the Homeric poems; the hypothesis of Niebuhr, 
with inspect to the derivation of portions of the early Roman 
^history from ballads or epic poems J" the hypotheses of Eich- 
horn, Marsh, and others, with respecu to the origin of the text 
of tjie four gospels; the hypothesis of Horace Walpole, with 
respect to the character of Richard the. Third, and various 
bypothfeses with respect to the Men in the Iron Mask. So 
there liypotheses, in literary history, as to the auiborfehip 
of certain works, as the Aristotelian (Economics^ the treatise 
De Imiifitione Ohnsti^ the Letters of Junius. . In each of these 
cases a supposition is made, the truth of which is tried by 
combining it with all the oircumstances of the case.’ 
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These cases contain no matters for logical discussion. They 
do nc’t raise the question^ that attach to the Undulatory Hypo¬ 
thesis of Lfght, the De^lopment Hypothesis, the Atojuic. 
Theory, and other celq^rated hypotheses. * •' • 

2. Tjjie definition oj* |i Hypothesis (according to*Miip is ' 
a supposition iijjtda (without e^f^dencb, or with insufficient 
evidence of its owiij in cfrder to deduce conclusions in 
agniement with real facts ; the agreement being tl^ proof . 
of the hypothesis.^ 

Hypothesis, in this sense, is a defective kind of proof; thyro 
is some missing linlS^; and the question is raised, how shall 
•this be made good in other w^s. * 

ITor example^ in the geological investigation concerning the 
transport of erratic boulderg, there are various possible suppo¬ 
sitions—icebergs, glaciers, water currents Now, we may be 
unablq to get what we should desire, in accordance with the 
’strict course of experimental elimination, namely, ^roof of the 
actual presence and oppratvm of one (»r other of these agents. ^ 
The buly resource •then, vis to compare the appearances 
with what would result from the several modes ^of action. 
If these appearances are consistent with one mode only, there 
i^ a certain strojig presumption in favour of that oue. The pre¬ 
sumption would obviously amount to certaTpIiy, if we have 
had before us (what we cannot always be sure of having) all 
the possible or admissible agents. ^ 

In the absence ot proof as to a man’s tjeal raotivesj qd a* 
given occasion, we often deciclc in favour of some one, because 
'mo man’s condufit is exactly wjjat ^lat moti\se would dictate. 
The soundness pf tte criterion depends upon there being no 
other motive or combination of motives that would ha^e the 

same eftects. • 

• • 

3. It is manifestly desij'afljle, in assumptions relatingJto 
natural agencies, that these should ^oe known to exist. Tlje 
Hypothesis is then limited to such points as—their pre¬ 
sence, their amount, and thp law of their operation. 

Sucli are the hypotheses as to th6 erratic^ boulders. Wo* we 
may ascribe an'epidemits to excessive heat, to moisturp, to 
aleciricity, to magnetism, to animalcules, to bad drainage, to 
crowded dwellings, or to some c'ombination of these. Thq 
yra one pf them IS what Nevi^^on termed 

a, vera caiisch What is hypothetical is the •actual presence of 

% -9 
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one or other, the mode of .operation, and the sufidciency to 
produce the effect. If all these could he established in favour 
of one, the point would be proved. If the presence cannot be 
proved {ihe difficulty in ^ast effectg), there must be shown an 
exclusive fitness in some one to accounli for th^ appearance. 

Tl^e illustrious example of Grf^vity^il^ay be quo^d^in its 
bearing on Hypotheses. Newion’s suggestjoif was, that celes¬ 
tial attraction is the same force as terupstriaf gravity. He" 
,th^8 proceeded upon a real or known cause ; the hypothetical 
element was the extension of gravity to the sun and planets. 

The preliminary difficulty to be got over was the rate ot 
deccease of the * force according to distance. From Kepler’s 
laws, it was proved^that celestial attractiofi diminishes as the 
square of the distance increases. ^ Was this true of the earth’s 
gravity ? ^The fall of the moon was the criterion, and exactly 
coincided with that supposition. Jhus, then, the law of the 
sun’s attraction and the law of the earth’s attraction are the 
same. The earth’s attraction extends to the moon, n^ay it 
no^ extend Ip the sun, and may not the sun reciprocate the 
tvery same attraction ? ‘ «. « 

ffJhe wonderful amount of tallyhig or‘coincidence in^this 
case v^as sufficient in the minds of all men to justify the 
assumption that the two attractions are the same. The 
hypothesis was proved by its gonsequences. And, as no rival 
supposition has^ever stood the same tests, the Newtonian 
theory is considered as beyond the reach of challenge.- 

.The^rivtal hypothesis to gravity, in the explanation of the 
delestial motions, M'as the Carte sig, n vortices, or whirlpools of 
ether, which floated the p^ginets rdund,'as a chip revolves in 
an eddy of a streaipa. ^ *■ 

The identity here assumed ig between the circular motion 
of the planets, in what js commonly supposed to be empty 
space* and the circular motion of a whirlpool of water or of 
•air. 

The ^rst^,obvious disparity respe<!fts the fluid medium. In 
tho whirlpool of water we have a liqijid mass with density 
sufficient to buoy up wood, and mecbanjSar momentum suffi¬ 
cient to propel it in the directiou of the stream. IJo such 
flqid nayss.iaJknown t»be psreseat jn the.celestial sptice?; the 
very supposition is hostile to all familiar appearances. A 
fluid sufficient to move the planets at the.rate they move in ^ 
would have numerous otbei* consequences that •could not 
escape deteqjtibn. It would mix with our atmosphere as an 
adtive element and pyoduco disturbances on the earth’s surface. 
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In this vital circumstance, therefiy e, the comparison fails; the 
assimilation is indompeAent. , 

A second disparity wfj|j brought to^ light in Newton’s criti¬ 
cism of the scheme. The laws of a whirlpool%re noi%the*l%ws 
of fhe planetarjp»orbi1;a; a whirlpool is incompatible with the 
laws (^f Kepler. Nqjjv. we •cannot assimilate two mechanical 
phenomena, tvj5 attractions, f(A* example, unless they ./ollow 
the same law of foiKe. IHiis is a vital point in a mechanical 
comparisoif. The following of the saine dynamical law ^as 
Jihe crowning circumstance of the likeness between gravity and 
solar force. • • • 

It would be said, therefore, that the Cartesian schema did 
not assign a ver a caus a. It assigned, np doubt, a mode of 
action quite familiar to us ;^ whirlpools are a real fact, ^ut 
it assumed a jpaterial substance unlike anything hitherto dis¬ 
covered ; water we knov% and air we know, but the entity 
demanded for the vortices is entirely foreign to all^our experi- 
ence.of material thidgs, ^ 

4. As it would seem irrational to affirm that we already 
knoiv all existinj^ daiis^s, permission must be given t(f 
assume, if need be, an entirely new agent. The condiCions* 
of proof are, in this case, more stringent. * •* 

The chief example of this kind of Hypothesis is the 
Und^latoix_The£>ry of Light.* • ^ 

The Supposition of an etherial substance pervading all space, 
and by its undulations propagating Light and Heat^ as the|iir 
})iopagate8 sound, is in accordance with many of the facts ftf 
Light, more especially what is called the Interference of Light, 
a generalization o^many distiiv^t appearances. The hypothesis 
also served tobdiscover new f^cts of luminous agency. 

Assuming what is not strictly accurate as yet, ^hat the 
lyidula^ory hypothesis accounts for all the facts, we arc hailed 
on to decide whether the ejjcistence of an undulating ether isi 
thereby pivived. • ^ • 

We cannot positivaly affirm that no other supposition «viH 
explain the facts*; what we can say is, that of all the hypotheses 
hitherto suggested, this approaches the nearest to an exact 
explfi-nalion. Newton’s corpuscular hypothesis is adijaifcted to 
have broken down on Interference f and there is at the present 
day, no rival, • 

^till, itt ts ejttremely desirable in all such hypotheses, to find 
some collateral corrfirmatio^, some evidence a^wide^ of the 
■supposed pther. This is supplied in part by the observatidns 
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on the comet of Encke. If tt© retardation of that comet, and 
other obseiivations of a like nature, establish the fact of a 
resisting or 4nert mediunj, there will ^remain, as hypothetical, 
the,properties of*that medium, namely, the peculiar mode of 
’ elasticity fitted .for transmitting luminous anf* other emana¬ 
tions. * f . 

Therje is farther to be urged, in support of 'the hypothesis, 
its constancy with the other hypothesis that regards Radiant 
Hellt and Light as the propagation of molecular lilovements 
from hot 'and luminous bodies. The transmission of these 
influences through space, by the communication of molecular 
impulse, is in harmony with their character as motions in the 
molecules of the masses of ordinary matter. 

At:'' additional confirmation is supplied in the remarkable 
fact that bodies, when cold, absorb the same rays (of the solar 
spectrum) that they give out when hot. This is precisely 
analogous to the law of musical strings, namely, that, of the 
notes sounded by another instrument in their neighbourhood, 
they^ assume ^ach its own note. 

«' 5. Some Hypotheses consist ot^assUi^ptions as to the 
niiifute structure and operations of bodies. From the 
nature'bf th§ case, these assumptions can never be proved 
by direct means. Their only merit is their suitability to 
express the phenomena. They are Representative Fictions. 

All assertions as to the ultimate stj’ucture of the particles of 
matter are, and ever must be, hypothetical. Yet we must not 
diMcard. them because they cannot be proved ; the proper cri¬ 
terion for judging of their value is their aptness to represent 
the pl\enomena. That Heat consists of motions of the atoms 
can never be directly shown ; but if the suppositj'on is in con¬ 
sistency with all the appearances, and if it helps us to connect 
the appearances together in a genei'al statement, it serves 
fltn important intellectual function. 

Th© phenomena of the sj^did, liquid, and gaseous state of 
matter'can be represented by the opposing play of two sets of 
forces—the attraction of cohesion inherenc ih the atoms of 
each substance, and the repulsive energy generated by the 
heat nu)t\ons. In crystals, tbs' heat motions are at a miflim'iim, 
and in that case, the cohesion assumes a polar character, or is 
concentrated at particular points, whose diflference of relative 
situation makes difference of crystalline form. • ‘ 

The Undulatory hypothesis of Light, evv3n although it may 
never be fully established as fact, will have a permanent value 
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as a Representative summary ot' the facts of Light; and may 
be gradually carried tf:> perfection in this charactev. 

In a paper by Grahan^ on the ‘ Molficular Mobility ol Gases,’ 
published in the TJ^’ansactiona of the Roy?il Society, 1863, 
there is put ^rward a hypothesis of the •Constitution of 
Matter.* The^ssunip^ion^are these :— * 

^ (1) The various kinds of m&tter may consist of one. species 
o| Atom or molecide, having a dilferent kind of movement in 
each subslanco. This is in harmony vyith the equaj actimi of 
gravity upon all bodies. , 

(2) The greater the energjf or swing of the primordial and 
inalienable movejnents of the ultimate atom's, the lighter the 
mass. The leading fact named Density dor specific gra^ty is 
represented by this assumption. 

(3) These, ultimate molecules, whose primitiv<i movement 

gives specific gravity, aw supposed to be made up in groups, 
each group having a farther movement, vibratojiy or other; 
which second siipennduced movement represents the gaseous 
molecule affected by Heat, and leading to gaseous expanaion. 
Tiys Graham also cidls the difftisive molecule. • 

(4) Equal volnines of two forms of gaseous matter, Trrq- 

spcctive of weight, have a facility of coinbiiAng ;«*this is 
Gliemical Combination. It is a hypothetical expression of the 
law connecting Atomic Weight with Gaseous Volume. The 
gaseous state is expressed by Graham as ttie typical state of 
matter; ‘ the gas exliibits only a few grand and simple fea¬ 
tures.’ • . • ^ 

The special point of the hypothesis 6onsist3 in aiftummg 
motions within motions, like piiimary and secondary planets. 
There is no limihto the successive groupiii^saud their charac¬ 
teristic movements. For still more complex properties, now 
groupings may be assumed. • • ^ 

. A somewhat different J^ypothesis of Molecular Motions has 
been given by Mr. Clark*Maxwell (Pbil. Trans. 1866]^ tt 
might be*superadded to Graham^. • 

Under the n^ethmls of Chkmistrt, we shall advert t6 the 
hypothesis named The Atomic Theory ; and under the methods 
of Biology, there will <toar other examples of celebrated 
hypotheses. Also, i i the! Logid of Medicine, the repfesenta- 
tivc conceptions are btoaglit under review. 

• The political fid ion as to a Social Contract, determining 
the rights of sever* ignty,«i8 not entitled to tiiMB dignity pf a 
Hypothesis. It is a ^ure fabrication to serve a poUti^, or 
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even a party purpose ; aijd ranks with the logends in the 
ancient Grecian states, relied on as‘-giviitg validity to the 
titlo.of a tribe to its territory, or of^a family to the sovereign 
power.* • , 

6. It Jias been said (by Dugald‘' Stewart and others) 
that*the reasonings of Geonjetry are built ;ipoii hypotheses. 
The meaning is, that the hgurestassurye'd are abstractio-ns> 
, of ideals, and do not correspond to any real things. 

The,word ‘hypothesis,’ is here employed in a somewhat 
peculiar sense. It is identical in meaning with * Abstract,’ as 
opposed to actual or ‘ Concrete ’ objects. The important 
truth intended to ho conveyed would probably bo given much 
better by avoiding the use of ‘ hypothesis.’ 

In Geometry, as in all Abstract Reasoning,.the essence of 
the operation is to view the things in one exclusive aspect, or 
with reference to one single property, although, in point of 
fact, no object exists possessing that property in pure isola- 
ticn.' The geometrical Point is a mark of position ; we reason 
' upon it solely as marking position. ^Every real pointy and 
even the point that w« conceive in the mind, possesses at the 
Bame^<time h certain magnitude, a certain colour, and certain 
material substance. We. however, make abstraction of.all 
these features; wo do not assume them in any degree; we 
drop them entively out of view; we consider ‘position,’ in 
to far 08 ‘ position,’ and make affirmations on that special 
^ssumptieJn. When we come to deal practically with an 
actual point, we mast rc-admit all these properties belonging 
to it in its concreteness; we must allow for the fact that no 
actual point can fletermine an 'abstract position ; it covers an 
area, and therefore does not fix'position except hy an approxi- 
matipn^ 

In Mechanics, there are convenient fictions that subserve 
th<^ abstract reasonings of tbe sciences ; as, for example, the 
supposition that the who^a mass df an irregular body is con¬ 
densed into its Centre of Gravity—an operation impossible in 
fact, but having a practical convenience in mechanical demon¬ 
strations. It is desirable, for certain purposes, that we should 
makd ittbstraction of the fof^m and size of a mass, and* view 
only ijbs weight and its relative position to some other mass ; 
and oile way of compassing the end is to imagine the form and 
the size non-existent, or thht the mass exists in a mathe- 
ngiatical poi^t. We say there certain definite position in 
the interior of the.earth, wherein, if the whole.mass were 
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concentrated, the earth’s attrnctjou for the snn and the moon 
would be the saYne as^it actually is. This is merely a verbal 
aid to the‘process of reasoning m the Abstract .I’he remark 
is applicable to all^ the .other abstract ce»tres—«j^eil1ati6n, 
suspension, g}*»ation,,&c. 

7.*Al'act tkit drfbMes bet\yecn two opposing Hypc^-heses 
^as called by Bacon ^experimentuin criicis. 

• g * 

Tho ‘ Installtia Grucis ’ of Bacon does not properly beking 
to the Experimental Methods of Induction. It is the decisive 
instance betweeti two contet^iing hypotheses.. ThCls, when 
the Copernioau ^stem was brought forward in o[)po8itioii to 
the Ptolemaic, not only was there a nece.'^ity for showing that 
the new systimi corrospon^ed with all the facts; ther^ was 
farther required the production of some facts that it alone 
could conciliate. Tho ti«st fact of this decisive cfiai’acter was 
the Aberration of Light, a fact incompatible with the earth’s 
being at rest. Another fact, ecpially decisive, is'furnished by 
tho recent pendulum experiments ot' Foucault ^ith regard to 
thg motion of the •earth. Bacon* himself, wto never Vul|y 
accepted the CopSrnicatt system, desiderated an ‘ expe^isien- 
tum crucis ’ of this nature, namely, a fact to ^low ^hat the 
velocities of bodies appearing to move round the earth are 
in propi^rtion to their distaqpe; which, he says, would be a 
proof that the earth stands still, and tha£ ^he apparent daily 
motion of the stni s is real. 

’file entire absence of mechanical energy in the rays of 
light is I’egarded as decisive against^ Newtous Tfjpiisaion 
Hypothesis. ’I’lio most delicate^ experiments fail to show any 
moving energyJn the coiujpntrated rayi^of tho sun; which 
failure is iuanusistent with s^^stream of particles of inert matter. 


CHAPTEJL XIV. 

• • * 

APPllOXIMATE•GENERALIZATIONS AND PROBABLE 

* ' evidence. 

1. Probable Inference is inYerence from a prpposition 
only approximately true. , * 

Every certain inference supposes that the major is a pro¬ 
position, universally true,*as ‘all men are mortal,' ‘all matter 
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gravitates.’ When a minor is supplied to such propositions, 
the conclusion is certainly frue. « 

From a proposition true only in the majority of instances, 
the inference djawn is*not certain^ ifut only probable. *Most 
(ifot al\J phenogamous plants have grpbn lesives henoe''it is 
probable ^hat any given class of t|iese^plants has grpen^eaves. 

The word for such generalities is ‘ most ftie synonyms ^e 
‘man^y',’ ‘usually,’ ‘commonly,’ I gener^illy,’for the most 
part,’ ‘ in the majority of instances.’ " 

• • * - p ■ 

2. IJl’we know the exact ^proportion Qf cases in an ap¬ 
proximate generalization, we can state numerically the 
degree of probability of an inference drawn from it. 

r ' 

ft; being known that a certain thing happens in nine in¬ 
stances oip; of ten, the probability, in a particular case, is nine 
to one, or nine-tenths. All the fnetals, except copper and 
gold, are devoid of colour, (being either white or some shade 
of grey). 'J'he probability that a new metal is white or grey 
is {IS fifty-twp to two. 

o On the supposition that the majoKty 6f ^drunkards are never 
^ reformed, the probability is againsf the reform of any indivi¬ 
dual drunkard. The strength of the probability depends upon 
our estimate of the comparative numbers. If this estimate 
vague and uncertain,—if we cannot say whether the reformed 
drunkards number one fiftieth, one twentieth, or one-fourth of 
the whole,—our estimate of the probability in the given in¬ 
stance js ftorrespondingly vague. 

What Hobbes says of Charles II— 

Kam tunc adolesccna 

' Credi%it ille, quibus ol^edidit ante Pater— 

is true of the vast majority of men even in the most enlightened 
count^’ies. Hence a strong probability that any given indi¬ 
vidual has never exercised any independent judgment in 
politics or in religion. A ^und^e(^ to one is a safe«estimate of 
such a probability. ^ 

is an approximate generalization that both intelligence 
and independent thought are mqpt frequent in the middle 
ranks ^of society. The generalization has in its favour deduc¬ 
tive as'tvell as inductive •evidence. We know the oircum- 
stancea^adverse to those qualities in the highest, and also in 
the lowest, ranks. Still, it is but appro4iraate, and yields 
only probability in every given application. Like all proba- 

• bilities, however, if applied to m^tsSes, it gives certainty. The 
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collective action of a middle class Jbodj would be more intelli-* 
gent and independent t^an the action of the other classes. 

The proposition is approximately tnie that the wealthy aro 
more virtuous than the inc^igent. There are aumerops o^cep* 
tiofis, but the evidence is sufficient to prove ^the rule as’aii 
apprcyciraate generayz|itioi^. The only dispute i^ as to the 
extent of it. pSrQct statistics am. the great scale are waiffcing; 
'and the deductive argument consists in comparing the tend¬ 
encies for •and against virtue in the wealthy, as compaieed 
^with the poorer class—a comparison where, from Hie vague 
nature of all estimates of human conduct, a cerlpin latitude of 
expression must bo allowed. 

The characters Rf men are described by^such general terms 
as (jnorgetic, timid, tender-hearted, irascible, truthful, Intel¬ 
lectual, and ^o on. Even when most carefully generalized, 
those characters are only g,pproximate; they represent prevail¬ 
ing tendencies^ liable to ho defeated in the complicacy of 
human motives. So with classes, professions, and nations. 
All the current generalities respecting the chafacteristios ol‘ 
sex aud of age are mere •approximartions. Literary and *Art 
criticism, as expressing Iffie style and mannor of authoj'n or 
artists, is of a like nature. , . * 

^ Tho operation of laws and institutions is at host but 
•approximate. We cannot afi^rm that the general good con¬ 
sequences follow in every instance. The "tendency of severe 
punishments is to deter from crime ; they may do so in nine 
cases out of ten, or ninety-nine out of a hundred^ It is the 
duty of the state to see^ out the mod^ that apprdjymates 
most to the desired end. In sucl^a case, statistics give a kind 
of nnmerical prqpision to th% general tendency, and a qorres- 
ponding exactness to the inference of probability. 

The very best institutions have to be defended on the 
ground of superior good, not of absolute or unexceptional 
good. This is all that be said for liberty as against re* 
straints, fer responsible governmdpt as against dc^spotisnft 

Proverbial saving* arc for tho most part but rude appj'oxi- 
mations to truth. ^iMany of them can hardly be said to have 
a preponderance of cases ©n their side. ‘ The more haste, the 
less'speed ’ is not true in the majority of instances; it# merit 
is chiefly as an epigrammatic denial of the univer.safity of the 
rule that activity succeeds in its object. We often takif delight 
in parading the exceptions to •approximate generalities ; and 
not a few of our proverbs ar^ occupied with the representation 
of minorities. Tallyrand’s * No zeal' js inuortect as a rule ; 
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the rnle that it crosses, hgwover, is but approximate, and has 
exceptions ; the point of the saying Kes in Tsuggesting these. 

S. It IS a Jegitinwite effort to* endeavour to make the 
cfppro’jftmation of a rule as close as possij^e, before apply¬ 
ing it to, casfis. This can be done in various w^s.^ 

(1^ An approximate gen^alization is -rendered absolu^^ely 
certain in its scope, when all the exceptions can be enunner- 
^ed; as in graramap rules, and in Acts of Parliament contain¬ 
ing schedules of exceptions. ,• 

(2) A vcjfy near approxiraSffcion can be made if we know the 
exact occasions and circumstances where the rule holds. Thus 
that ‘Honesty is, the, best policy ’ is in the abstract only a, 
rotigh generalization; it is far from the exact truth. But we 
are ablo^jto assign the specific circumstances „where it holds 
good more nearly. The ‘ honesty i should exactly correspond 
to the standard of the time, not rising above, and not falling 
below the established code. It shonld' be apparent and not 
cpn<y?aled fvprn view. It should contribute something to the 
advantage of persons oV weight atid influence. Thus liijiited 
awd qualified, tk:? approximation iis very‘near the truth; yet 
not fd^ogetlier true. The dishonest successful men are still 
sufficiently numerous to constitute a standing exception to the 
maxim. „ 

The Proposition ‘ Knowledge is virtue ’ was maintained in 
the Socratic school. It is an appproxiraate generalization, 
giving a,/3ertain small probability in its applications. That it 
'has the truth on its side is proved by the statistics of crime ; 
the majority of criminals, coming from the ^least instructed 
part of the population. Stillthe excopt\oii8 are numerous. 
We know from deductive considerations that virtue does not 
spring directly from the.knowing faculties ; the filiation is in- 
dire6t or circuitous. The best apyilication of so slight a pro¬ 
bability is to take it with concurring probabilities. The 
cofiditions,of a virtuous character clin be stated with consider¬ 
able precision, while intellectual culture also is an element 
whose value can be assigned. Hence, iw'ap'plying the rule ta 
a known case, we can infer with »far higher-probability^ than 
could be given by any one ^ipproximate generality, as to the 
virtuous tendencies of knowledge, of parentage, of occupation, 
and oVher circumstances. We can unite all the presumptions-» 
into one still stronger. • . *' , 

It is a us^al defect of empiripal generalities that iho sub¬ 
ject of them is badly defined, or tliat^the ciroumstances where 
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the predicate holds cannot be ^jxactly specified. This is a ' 
common defect in the*practic 0 of medicine. A drug has a 
certain eflfiCacy in the rr^jljority of ins^uces, and is therefore 
only probable in it§ consequences. A higher k^qwhidgo 
would give th^ exact conditions wherein it spcceetls, which 
woul(4 b(?to convertapproximation into certainty. 

. • So in Politics. • Certain inisititutions, as for example •Free 
Government, are gdod for •nations generally. In some* cases, 
they fail. It is for political science to specify accurately 4ho 
•circumstances where they are suitable, and those vifhere the^ 
are unsuitable ; by which metlbs wo may nttaii^ to riTles of a 
certain, or nearly yertain character. 

It IS commonly said that being educated at a public school 
devclopes jiarticular manly, virtues, as self-reliance, cotfrage, 
&o. This is# but an approximate generalization. If we had 
the comparative numbcrs*ot the successes and th 0 %.iluros, we 
could assign the probability in a given instance. Still better, 
hovwver, would be*the enquiry, what are the cit’cumsta.uccs 
wherein the effect would arise; what kind of yoifths would bo 
opqji’ated on in the saiutai^ way ? • 

It is an approxiiRate gsneralization that absolute soverpigus 
abuse their power ; it is true, in a large majorit 3 iiof ini^ancei?^ 
but not in all instances. It can be converted into a still closer 
■ approximation, if we can assigp the particular situation of an 
individual sovereign—the motives operating .upon him person¬ 
ally, either as encouraging or as checking the despotic vices. 
Hence, by a series of ’provisos (as Mr. Mill remarks) wo may 
render an approximate lyile, an almuali certain rul^:—An 
absolute monjirch will abuse hjp jiower, unless hia position 
makes him depei»dent on th(k good opinion of his subjects, or 
unless he is a person of unijsual rectitude and resolution, or 
unless he throws himself into the ^ands of a minister posses¬ 
sing these qualities.’ ^ • 

4 Approximate gen^rtilizations give an opening to tlifc 
bias of the feelings, and to the ^ts of a sophistical reasoner. « 

It is impossible k> deal fiiirly with an approximate genora- 
Hzatfop, except by formiag some estimate, the best that can ^ 
be had, of the instances on on^side and on the othj[}r« This 
is often difificult even to the most candid and painstaking 
irnth-seeker. Nothing then is easier than to turn i^ay the 
mind from a part of the in^nces, and to decide upon the 
remainder. Any’strong feeling has this blinding eflficacy. 
For example, onr Pa^nt I^w has raised a ce^iu number of 
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persons to wealth ; it hap stimulated a certain number to 
inventions, whether profitable or not. to the inventors; it has 
induced ausertain number to waste their lives in unproductive 
and hopeless euterprises; it has obstructed, in certain instances, 
tlie introduction of improvements. . "^he^her the lav^ has 
been good or evil on the whole, depends upon /the relative 
nwhber of these various instances. Now, it would be most 
difficult to attain an exact comparative e'ltimate in such a ques* 
trou. How easy then for any one to incline to the instances 
favourifig a preconceived theory, and to pay no heed to the rest ? 

Th5 arts/>f the pleader sxit themselves to this situation. 
By dwelling upon and magnifying the instances in one side, 
by ignoring and explaining away those in the other, a skilled 
advocate reverses the state of the numbers in the approximate 
generalization, making the minority seem the piajority. The 
reply needs to be conducted so >s to redress the distorted 
estimate. (For the practical applications of Probability to 
Testimony and other Evidence, see Appjdndix I.}. 


CHAPTER XV. 

ANALOGY. 

if 

1. I’he foundation and justification of all inference is 
Similarity. The similarity may exist in various forms 
and*degrees, and the validity^ of the inferences will be 
modified accordingly. ' 

When two situations are esjactly the same,rthe uniformity 
of nature leads to the sapoe consequences. Place equal weights 
in a balance so as to make an exact equipoise. Shift fhe 
centre of motion to one end, an^' that end will rise and the 
other fall, every time tha^^the change is made. A great deal 
ofj variety may be introduced into the experiment, with the 
same result. The rod may vary in length, and in material, 
Olid the weights may be small or great: so that we may have 
earnf ness in the result without sameness of the antecedents. 

Again, having seen a great many animals die, we infer that 
other animals living and to be born will die: the resemblance, 
together with nature's uniformity, being the justification. 
But there' are often wide disparities between the instances 
observed anR the instances inferred. 

I 
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It was, however, the object of the,experiinental methods to 
eliminate the essential pft'ts of a causal situation ifom the 
non-essential ^arts. In thg midst of all.the various-forms of 
the experiment with. tj;ie balance, we find, by the use^ fhe 
methods, that the^ne ciscumstance that disturbs the equipoise 
is to remove the yoint<)& sus#>ension from its central position 
iruUic beam ; that the size and nfaterial of the beam, the s5ze 
and material of the weights, al'e unessential circumstances. So 
with animal life ; the fact called organized life is the fact ac* 
companied with mortality; the forms and sizes of ahimals, 
their being vertebrate or inverteBrate, are inducti]iely elimin¬ 
ated as nnesfiential. ^ 

• An inductive inference is thus an inferpnc^froin sameness in 
certain particulars, shown by induction to be the particulfll’S 
always present*when some consequence or collateral is pre¬ 
sent. This is an inference fcy identity, a perfect induction. 

2.’ '[’here may be Sk radical difference in the siibjects of 
’two compared phenomena without preventing a*strict In¬ 
ductive inference. Tjie .stde condition is that the salaie^ 
ness apply to the atkibutoifound by induction to bear 
onsequeiice assigned. ^ 

To say ‘ there is a tide in the affairs of men ’ is to use a 
mere metaphor, the subjects coraparod beings totally distinct. 
Now, to reason from one subject to another of a*different kind, 
might bo called reasoning by Analogy; yet, the inference 
might be such as to deserve the name of induction. Groa^ 
as is the difference between the march of human history,«and • 
the flow of the tides, still, if the two phenomena exactly re¬ 
sembled in the single feature of^ebbing and fJjDwing, and if no 
inference were firawn, except what this feature involved, the 
argument would bo a sound and strict induction. If human 
affairs in any way are truly ^escribable as ebbing and flowflug, 
we are entitled from one movement to predict the following. 4 
If peiiods of great public excitement in special .topics 
liiberly, Religion, ^ggi^ssive War, are followed by periods <)f 
apathy, there is a spedies of tidal movement, and the laws of 
the ti(j^,may so far be applied to the case, by a legitimate 
induction, or else by a deduction fbunded on an inductjga. 

The Chinese* profess* to found their government on the 
paternal principle, and to justify their peculiar form of despot¬ 
ism the’similarity of the state to a family. The argument 
is not inductive; thefe is a failure in essential poijjits. It is a 
crude metaphor. Therg is a certain important similarity, 
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namely, tho fact of governijieat, involving authority, superior¬ 
ity, and ^punishment; and any inferences drawn upon this 
single ciroumstance ^ould be valiji. Certain of the merits 
apa of»the demerits of government are identical in both 
instances; the graduation of punishment to^ offence, consist¬ 
ency and fairness on the part o^ thQ. ruler to the«ruled, are 
equm,ly required in the family* and in the staie,. But it is ^ot 
an inductive inference to say that because the paren^ is 
dfcpotical, so should^the state. The two cases do not agree 
in the point whence the despotical relation flows; in thp 
family* the sjubjects of governihent are children ; in the state, 
the. subjects are grown men, on a level with the rulers. The 
inference would Jiequire the case of a Very ignorant and 
degraded community ruled by q wise and high-minded caste. 
To whatever degree a nation approximates tp this state of 
things, there is an identity betweoDfbit and the family relation* 
ship. 

Plato’s comparison of the state to an individual man is not 
an analogy in the proper sense of the terra. It is one of those 
^figurative resemblances‘where the‘points of agreement and of 
diragreement are perfectly ascerta\nable,‘ and where there is 
' no element unknown. Any one can tell whether the inferences 
drawn from the comparison follow from the points of agree¬ 
ment. That there should Ije a three-fold classification of 
citizens in the ptate, cannot be inferred or confirmed by an 
analysis of the mind into three leading functions. The con¬ 
stitution a state has nothing in common with tho divisions 
of th^ mental powers of an individual man. 

The same remark is applicable to another favourite com¬ 
parison of Plato’o—virtue to diealth. Tl^e resemblance is 
exceedingly slight; yet, if nothing were infenred but what 
grew out of that resemblance, we could not object to the use 
of the comparison. But Plato’s theory of punishment derived 
,.from it supposes a likeness that dqea not hold; and the theory 
is refuted by exposing the iissimilai^ty. • 

The Ancient Philosophy was full of these misapplied com¬ 
parisons, improperly termed analogies. «‘ 

Speaking with reference to the* early growth of Law, Mr. 
Mayno .pbserves: — ‘ Analogy, the most valuable of* initru- 
ments in the maturity of jurisprudence,'is the most dangerous 
of snahes in its infancy. Prohibitions and ordinances, ori¬ 
ginally confined, for good reaSons, to a single desbtiption.of 
acts, are made to apply to all act^ of the*same class, because 
a man menaced with the anger of tlie gods for doing one 
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thing, feels a natural terror in doing any other thing remotely 
oonnected with it, AfteV one kind of food has been latenlicted 
for sanitary* reasons, the prohibition ia» extended to all food 
resejubling it, though^he resemblance occasioiially de^Kfads on 
analogies the mJist faifciful. So, again, a wise* provision for 
insuriilg ^neral^leaniiiiess dictates in time long ro'utinep of 
ceremonial abliktion*; and that (^^vision into classes which at a 
particular (j^isis of Social history is necessary for the main¬ 
tenance of national existence degenerates into the niogt disas- 
ti’ous and blighting of all human institutions—Caste.’ • 

Analogy has been often defined ‘ resemblance iA relations : ’ 
as when a wave of ^ator is said to be analogous to an utidu- 
, lation of air, or of ether ; or a magtiet ^is compared a 
charged Leyden jar because «f the common polar condition. 
This definitiom is objeotioiiable chiefly on the gt'onnd of 
v^agueness. The word ‘ relhtion ’ is too general for a precise 
statement of the case.. What truth or fitness there is in the 
e.xpreSsion can be given in other ways. • 

3 Analogy, as differer^j; from liidnction, and as a* dis¬ 
tinct* form of infciicnce, supposes that two things froyi' 
ivseinbling in a numhsr of points, may resemh]e in gome 
other point, which other points is not known to bo* con -1 
nected with the agreeing points by a law of causation or | 
of co-existence. • 

If two^ substances, agi-ee in seven leading properties, and 
differ in three, the probability of their agreeing * 111 # sonw 
eleventh propcity (not knovwi to be connectfed with any df the 
ton) is, with rcfivence to the known properties, seven to three. 
Bat this rule wodid be modified by the coiifsideration of* the 
number of pre/perties still reiAaining to be discovered, a cir¬ 
cumstance necessarily indefinite. If we had reason to Suppose 
that a largo number of properties still remained undiscovered, 
the ]>robability could not Jd® stated with the same fixity^ or 
confidence. * • 

4. An argument •tporn Analogy is only Probable. T!ie 
probability is measured b^ comparing the number (and 
importance) of the points of agreement with the nuyiber 
and importance of the points of difference; having respect 
also to the extent of the unknown properties as comfiared 
\vitb the kftown. * 

No Analogy can amount to«full proof; very fey give even 
a high probability, ‘ I< 4 may afford,’ says*Reid, ‘ a greater or 
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less degree of probability according as the things compared 
are more or less similar in their uatift e; But it can afford 
only probable evidence at the best.’ / * 

The Natural Kinds afford the betrt examples of the typical 
case of Analogy. They have mmieroas pr<JJ)erties, known 
and Tinkndwn; extensive agreements prevail^ among gvoups 
of them, together with difference^ more or less numerous.., 
Th^s, sodium and potassium have humer0us points of agrgp- 
Hient, an(i a few points of difference. There would, therefore, 
be a cej’tain amount of probability that any effect due to^ 
sodium, or a'given compound*of sodium, might arise from 
potassium, or the same compound of potassium. 

Tllfi celebrated guess of Newton, as to the Diamond, which 
was afterwards verified by experiment, was not an analogical 
inference in. the strict sense. Had the inference been from a 
single body, as an oil, to tho diamond (the point of agreement 
between th»m being unusual refracting power), the resem¬ 
blance woulcl have been too limited even for a guess. The 
application to tho Diamond was the carrying out of an 
E-mpirical Law, partially, if not whdlly proved. The circum- 
iitaifce that ai’rested Newton’s attentilbi wa^’that the refracting 
power of bodies is very nearly as their densities excepting that 
vnduous and sulphureous bodies refract more than others of the 
same densitij. Having obtained measures of the refractive 
powers of the densities of twenty-two substances, varying in 
density between air and diamond, he found that they fell into 
two clause... In one class, were topaz^ selenite^ rock-crystal^ 
Icelaua'-sparj commoU glass^ glass of antimony, common air: in * 
all which, the refracting powers are almost exactly as the 
densities, excepting that tho rcffraction of Iceland-spar is a 
little more than the proportionIn the second class were 
camphor, ^olive oil, linseed oil, spirit of turpentine, amber, which 
are, ‘ he said,’ ‘ fat, sulphureous, unctuous bodies,’ and diamond 
^hich ‘ probably is an unctuous substance coagulated ; ’ all 
these, Gompaced together, hifV e their ^refractive powers almost 
exactly proportioned to their densities, ■'‘l^ut now, when the 
two classes are compared, the refractive powers of the second 
class (the unctuous substances) are* twice or thrice as .great, 
in proptirtion to their densities, as the refractive powers of the 
first cla^s. Water has a middle position between the two 
classes ; * salts of vitriol may stand between- the earthy sub¬ 
stances and water; and spirit of wine between watelr* and tke 
.oils. Tbo suggestion as to the diamond thus arose from its 
position among a number of highly refracting bevdies that 
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agreed in being of an inflammable or oombastible nature. 
The concurrence of high refracting power with inflapimability 
was an en^pirical law ; and Newton perceiving the law, 
extended it to the adjacent case of the diamond. Th^remark 
is made by Breiyster^^at fiad Newton known, the refractive 
power| o^ the minerals^and octoliedrite^ he would 
have extended flhe. inference to*them, and would hav6,t)een 
mistaken. * * • 

As an example of Analogy proper let us suppose the Balsiftn^ 
of Peru to possess certain properties, medicinal of other. 
Suppose next, that the balsam oft Tolu agrees in a great number 
of these, but ditfers in one or two important or unimportant 
properties. Ou thife proposition, we shoujd ground a very 
considerable presumption, that the one might replace the other 
in new and untried applications in Pharmacy. 

The illustration might ^e extended to Vegetalile and to 
Animal species, A quadruped resembles a human being in 
very many points of‘structure and function, but also dift’ers 
in a considerable number; while there may be uhdiscoyergd 
properties in both. J’hia. reduces to a weak probability, 
all idterenccs from o«o to the other as to the suitable kincU*of 
food, liability to disease, or medical treatment. Kxpergaienis 
on animals may cast light on the human subject, provided we 
know that the particular organs^ are constructed nearly alike 
in both, as in the connexions of the nerves, flw breathing, the 
digestion, &c. The function of the saliva and of the gastric 
juice has been studied by experiments on dogs and Qin horsqs. 
In a recent set of exporimeijjts on the action of mercury,*dogll 
were operated on; caro having bqpii first taken to ascertain 
that they agree•wijh human bqi.ngs in the n|ercurial symptom 
of salivation. , , 

It is interesting to determine whej;her our inference from 
man to the lower animals as to the possession of conscious¬ 
ness, is an induction or only,an analogy. We believe that, in * 
human beings, consciousness is al\ii^ys associated ^yth cerfhin 
external manifestationg, called the signs of feeling, and with 
an internal stmctui^ of brain, senses, and muscular organs. 
This we hold to be an indugtive uniformity completely estab¬ 
lished ^ regards human beings.* The induction extauds to 
difierences of degree; with fewer and feebler manifestations, 
and a smaller brain, than usual, we couple a feebler degree of 
•the^raental functions Now, thtf physical part is found in the 
brutes; some approsimating,more, and some le^s, closely to 
the human,type. It would seem, therefore, that by iiiductiofl, 
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and not by analogy, we are to infer the existence of conscions- 
nesB in the animals, with modificatioijs of degree only. 

Mind and Body sire of opposite nature ; they are the greatest 
of a.ll.gontraste. Yel there are joints of analogy that have 
been made u^e of to furnish language**and^jllustration -from 
the one lo the other. As in material phenomenj., we may 
hav%^ a plurality of forces coospi?’ing‘or opp&'sing each other, 
the resultant being arithmetically compjitable" so in mindVe 
liftve motives uniting or opposing their strength, the effect 
being cdmputable (although not with numerical exactness) by 
adding tog^her those on eaoh side, and noting which is the 
larger amount. Beid has objected to this comparison, re¬ 
marking that ‘tl^e analogy between a balance and a man 
delfberating, though one of the strongest that can be found* 
between matter and mind, is too weak to support any argu¬ 
ment.' Yet, if the analogy is trus^d only to Ino extent of the 
similarity, there is no good objection to making an inference 
from it. Now, the similarity is complete as far as regards the 
cumulative effect of concurring motives, and the neutralizing 
or frustrating effect of *)pposing motives. Whatever power a 
giv^en motive adds to a man’s v.olitiouk when it conctfrs, it 
mus^ subtr^ict or withdraw when it opposes. 

TJie intrusion, by Aristotle and by Kant, of phraseology 
derived from the intellect, into the domain of the feelings and 
the will, may l\p*^ronounced an irapi’oper identification, or an 
abuse of analogy. Aristotle’.s syllogism of the Will, and 
Kant’s (^tegorical Imperative, point to no real resemblance; 
*a syllbgism exprepsos an argument conducted by the reason¬ 
ing faculty; it has no relevance*or suitability to express the 
decisions of the will- * 

Reflex Actions'may bo profitably compared with Voluntary 
Actions, if we confine ourselves to the points of similarity. 
The^ Reflex is the voluntary with consciousness suppressed or 
made unessential ; on the corporeal side, there is a consider¬ 
able amount of resembliyice, or ©till better, a gradation or 
continuity. ^ 

Until .recently, the sun was considered to be only analogi¬ 
cally compared to terrestrial fires^ The points of agreement, 
in gwjng forth radiant beaUwith light, are ot the mostf*es«ential 
kind ; Tbut there was supposed to bo o disparity also vital. It 
was •^jonceived that the sun gave forth its vast flood of 
radiance, with no diminution of intensity. Now,, every hot- 
body on the earth cools by radiation. Until this serious'dis- 
parity was^ot over^ scientific men felt that all inferences from 
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terrestrial bodies to the composition of the atm were rash and 
unauthorized. ' • , 

Much speculation has l^en oxpendedjon the question—Are 
the planets inhabited^ Tl^ argument is at Ifsst ana^ogrcal; 
and there is not^von the force of analogy except with refer¬ 
ence t(* a «mall numbqf*.. Budies, like the moon, possessing no 
wjjter and no ji-tm©sphere, mnsf be dismissed at once. .The 
planets generally appear to possess atmospheres. 

We seem justified, however, in making .a summary exclusifti 
•<jf the near and thereniote planets, on the ground of temperature. 
All organized life known to us, ts possible only within narrow 
limits of temperature ; no animal or plant cari exist either in 
freezing water or in boiling water. Npw, the temperature of 
Mercury must in all likelihopd be above the boiling p(Jlnt, 
even at the {^oles, and the temperature of Uranijs, and of 
Saturn, below freezing at ^he equator. Tlie constituent ele¬ 
ments being now shown to be the same throughout the solar 
system—Carbon, Oxfgen, Hydrogen, &o., we are not to pre¬ 
sume any such departure from our own type of organized Ijlc as 
woul^ be implied by nninftils and pl%>nts subsisting in those ^ 
extremes of temperature. •On the supposition that the siitt’s 
temperature has steadily decreased, and is still decweasiyig, by 
radiation, the day of living beings is past for Uranus and 
Saturn, and perhaps for Jupiter^ it is not begun for Mei cury. 

Confining ourselves, therefore, to the neig!iUouring planets, 
and refdtring to the others only for the periods, past or future, 
when the capital circumstance of temperature is sui^blo, we 
iiave an analogical argumeiiii as follows. Venus and Muss artf 
gravitating masses like the earth, qpntaining, we may now say 
with certainty, thc^same matei^ls as this gl^be—solid, liquid, 
and gaseous. .But wo cannot^tell the precise arrangement of 
the constituent substances ; and, seeiyg that with ourselves so 
mych depends upon the mere collocation and amount of ^uch 
elements as oxygen and carljon, we may consider that the un-< 
known properties of the stipposed^planets are con^idcrablft in 
number, and serious i» character. The probability arising wnt 
of the points of agree'iiient, if not greatly affected by known dif¬ 
ference^ is reduced by tbisdnrge clement of the unknown. 

'M^ny Hypotheses ape of the nature of analogies or cc^ii[iari- 
sons, the degree and value of the iieserablanco being more or 
less uncertain. Thu.s, to refer to the undnlatory hypothesis 
of Jjight. When Newton explained the waves of water, and the 
vibrations of the air*in sound, by the oscillations of a pendu¬ 
lum, he was Bssimilatii^ phenomena of the same mechanical 
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character, and reasoning gnly from the points of similarity. 
But whey^ we reason from the sonor<>as vibrations of the air 
to tho vibrations of au ether assumg^ as occupying space, and 
conveying liglJb and heat, we work bjj analogy. It would, 
therefore, not,be irrelevant to apply the rult of analogy* and 
estimate 4he points of agreement,^s Q&i^paBe^ withHha points 
of 3isagreement, and concliiUe accordingly. , On this vipw, 
the hypothesis would have but a small»intrinsicjprobabitty ; 
, if would be left in a^reat measure dependent on the kind of 
evidence already quoted in its favour, the tallying with the 
specii^ faot%of the operation t>f light. 

The first atlOrnpt to penetrate the mystery of nervous action 
was Hartley’s hjq)otl^e8is of vibratory propagation, based on 
the analogy of sound. The comparison was crude and un- 
satisfactqjy ; but there was a certain amount of likeness, and 
the inferences founded on that viiere admissible. It realized 
the fact of influence conveyed inwards from the norves to the 
brain, am^ ontwai’ds from the brain *to the mnsclesf thus 
spggestiiig;a circle of aciioti, which circumstance alone is 
pi'ognuut with valuable conclnshius,«as appeared aft^r the 
discovery of Bell gave new vigcftir to ^ho conception. The 
vihra^onj mode of coraraunication had no relevance, and any 
conclusions drawn from it were unsound. Next came the 
analogy to the electric current, which was much closer to the 
facts, more fertile in suggestions, and less charged with mis¬ 
leading circumstances. By taking liberties with* current 
}j,ction, (something like the liberties taken with the ether in 
'adapting it for light, we are able to shape a view of nerve 
force that fits the actual phenomena with rpmarkablo close¬ 
ness. A third ^mode of representing the action has been 
advanced by Mr. Herbert Speucer, which departs from electri¬ 
cal and chemical action jind reposes upon the physical propertv 
called allotropisiti. 


CHAJPTEil XVI. 

OEEBIBILITY AND INGItEDIBILITT. 

1. There are propositions supported by a certain amount 
ot evidence, that are nevertlieless (^sbelieved. .From some 
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circumstance connected with them, they are pronounced 

Incredible. • • 

• 

Irrespective of the evidience specificall}'^ adduced iu favour 
of ascertain fact, we ofton pronounce it credible or inwedilble; 
in the one case we believe, and in the other disbelieve, under 
the sa!lne*amoa§b of«po8itwe testimony. We believe, on a 
slight report, that a fishin^boat foundered in a heavy gale ; 
we» do not ^believe, without much stronger testimony, that a 
fully equipped man-of-war was wrecljed. It was latdly, 
vumoured that the Eddystone lighthouse was blown down; 
every one felt that the rumour Required confirmaAion. 

2. The circumstance that rendeis a fact Credible oi 
Incredible is its being consistent hr incoiisistent with 
well-establisl^ed inductions.* 

In simple cases, this is Apparent. That a child initiated in 
crifne by its parents ghould become a criminal, is credible, be¬ 
cause it is highly probable, being the result of a wqll-groaiided 
induction of the haman mind. That such a child, should tujrn 
out a paragon of virtub, a8*i8 sometimes described in romance,# 
we pronounce improbable* and therefore iiici’edible. In»fhe, 
one case wo are satisfied with a small amount ol* testimony, 
in the other case, we demand very strong evidence. 

We are thus often led to reject evidence at once on the 
score of antecedent improbability. We may* be in the posi¬ 
tion of refusing a large amount of positive evidence ; as when 
a number of respectable witnesses testify that a after 
being immersed in the watm* for an hour has been rcsuscilateJ. 
It is to be remarked, however, that in all such cases the evi¬ 
dence tendered i^ only prubatle / it may have a very 'high 
degree of probability, it may* be 500 to 1, yet it does not 
amount to certainty, Tt fails once, in five-hundre(l*aud-one 
tifucb, and is therefore, in certain circumstances, not safe* from 
rejection. ^ • • 

3. Such well-established scfentific inductifms, as the 
Law of Gravity and/he Law of Causation, render wholl/iu- 
crediljje any assertion thaj; contradicts them. 

That Mahomet’s coffin hung tflispended in middle ilia* 
a table of its Own accord mounted* to the ceiling of a room, 
are facta to be wholly disbelieved. • 

Ail the* alleged discoveries C)f a perpetual motion, or the 
rise of force out of flothing, ere incredible; they^are opposed 
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to Causation as expressed under the Correlation or Persisteno©- 
of luiergy. All supposed 'modes of .derivtng motive power, 
otherwise than from solar heat past or present, ave incredible. 
^I’btft a^l^ medij|.ra of Torce more economical than the combus* 
tiou of coal remains to be discovered ig'all but incredible.* 

If any.one'affirms that some change has, happened jvithout 
a cilfhse, we refuse to listen to it. ! An exception to this rule is 
some’times claimed in the case or the Ivuman'will; but tBat 
(‘*cei)t,ioii has never yet been established upon evidence suffi- 
’ cient to*cope with tlfo evidence in favour of the law of causa¬ 
tion. • ^ #• 

The principle laid down by Hume, that nothing is credible 
ihii’t contradicts experience, or is at variahee with the laws of 
nattre, is strictly applicable to these completely proved indue-' 
tions. Wo cannot receive any counter evidence in their case, 
unless of ti kind so strong as to reverse our former judgment 
and make them out to be mistakes. No mere probability i^i 
(‘qual to t'lis task in regard to the axioms of mathematiQs, the 
l<iw of cansfition, the law of gravity, and many others. 

"I'liat evei'y living tiling procetyJs f/'om a previous living 
My Mg, or as expressed by Harvoy-r-o/a/?* viviuii fix Vs an 
' induction verified by simple agreomeut, througli a very wide 
expen'cnce ; rendering spontaneous generation, for the present, 
incredible. It is an empirical law, true within all the limits 
of human obstTy&tion hitherfo, although we may not be able 
to extend it over an indefinite period of time. ' 

Among facts antecedently incredible, we must rank th© 
rpoii|;a*neous combustion of a human being, which is totally 
inconsistent with the constitution of the animal body. 

It has been alleged by witnjjssos that the hriummy corn of 
the 'Egyptian pyramids has been sown and b(;eu productive. 
To a bi^anist, tlie assertion is wholly incredible. Seeds two 
centaries old are so completely changed as to lose their 
, fertility. 

There appears to be uiiej^oeptiona,blo testimony 4o the prac¬ 
tice of-the Vudian Fakeers, ni allowing themselves to be buried 
for a numbor of days, after which th©y ate dug out alive. 
This would be wholly incredible, ^ut for th^ knowledge that 
we h^ve of such states as trance, or lowered animatioh, <,rhich 
dispense with food altogether for a time, and require only th© 
iuminl|ini of oxygen. 

It is alleged by travellers that certain tribes subsist upon 
earth as food. This is admissiyble, only on the supposition 
that the eafth n quantity of^organic T»ro<j[uets, such 
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as starch, sugar, albumoii, or their equivalents. That any 
human being or aniina^ could livb upt»u the purely inorganic 
matters of the soil is to be wholly disbelieved. • 

The phenomena of clairvoyance arif all i^ the position of 
antecedent inctjjjdibiKty. *lMjat any one should seeVith the 
eyes baiq^aged is at variance with the conditio'hs of vision as 
established by jUI* tht*irtith(litic,experienee of the hiimantrace. 
•Yet this has been* i^Iinnecr by multiLiules of witnesses.* Tlie 
testimony «f witnesses, however, in such a matter cannoi^be 
received. The sole condition of adinitting such a fact woulii 
•be (what ha.s never yet been ^attempted) a rigorous werilica- 
tion according to the methods of c.vperimeuial* scieuco. So 
with the other tihets of the same class—prophetic drcTims, 
visions or intimations of events at a distance. These age all 
opposed to well-established inductions. 

4. When a fact with •a certain amount of evidence in 

its favour, is oppos^ad, not to an established induction, but 
to ah approximate generaliziition or probability, the case 
is one of computation of probabilities. • ‘ • 

• • * 1 • 

What is only pftibabld, or ajiproximately true, lias o;(»ep- 

tions; an opposite assertion, therefore, may be creilitcd, if 
supported by a still higher probability, or by a generalization 
’approximating still more to oertainty. fact true ninety- 
nine times in a hundred is not to be set aside by an opposing 
testimony correct only nine times in ten. 

In an age when physical laws wore imperfectly lyidcrstopd, 
when the law of causaiiori it.solf was not fully vcrifitd, the 
plieuonieinm qf witchcraft 8tood*betwccn opposing probabili¬ 
ties. There was* no inductive certainty (yi the one hajid, to 
controvert tlsa mere pvobabiUties of human testimony on the 
other. The physical knowledge .even of Bacon •was not 
eiiough to render the testimonies in support of witchcraft 
wholly incredible, althougU it might have stamped these with 
inferior weight and cogency. 

5. The allej^tityis of travellers as to new specieS of 
plant^ or of animals, fye credible or incredible accord- 
iug*as they albrm what contnwiicts, or what does^nyt con¬ 
tradict, laws of causation or of co-existence. 

• 

There jore certain peculiaritiiia of structure that are involved 
as cause and 'eflfect jn the animal system. An animal species 
must have an organ fojj receiving and digesting 6)od, a respire^ 
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tory organ, a means of reproduction. Any contradiction to 
these must be absolutely rejected. , 

Next in'point of evidentiary force are the typical peculiarities 
of tke order, a&|,the four limbs in thfe higher vertebrata. An 
animal of the higher tribes, with both is^ngs jnd arras, would 
present an incredible combination ; there might not bf alj^solute 
incotipatibility, but there wogld ^ sutlf a def)arture from the 
type as experienced, that it couN not J)e received on less 
an/thority than ocular inspection fortified against every poSsi- 
‘bility of delusion. • 

New* combinations of com 4 )atible organs are improbable 
only in proportion as they have been hitherto undiscovered. 
Flying fish were improbable, but not to thtf degree of incredi¬ 
bility'. The extension (5f our knowledge of kinds, by showing 
now variations, reduces the impVobability in favour of other 
kinds, witMn the limits of compatibility. That a ruminant 
animal may be found without cloven hoofs is incredible^ if 
these are cause and effect, or effects of a common cause ,, it is 
only improbable if they are co-existences without causation. 
Suth *a co-elistence has*been widely verified, but not as yet 
Exhaustively. , * • 

'• A'late distinguished historian for a long time doubted the 
fact of*persons having lived more than a hundred years. Ho 
did not regard the fact itself as absolutely incredible ; but irj 
the absence of authentic registrations, and the uncertainty of 
memory and tradition extending to events a century old, he 
considered that the improbability of so great an age had not 
hp6u oVer6ome by sufficient counter probabilities. At length 
he obtained what he deemed adequate evidence in favour o' 
centenarians. 

6. The assertion of a fact ^wholly beyond «the reach of 
evidence, for or against, js to be held as untrue. 

We are not entitled to put the smallest stress upon a fact 
witlyiut evidence in its favoy, becamse, from its beijig inacces¬ 
sible to- observation, no evidence can be^produced against it. 
To affirm that the centre of the earth is^eccupied by gold, is 
for all purposes, the same as a falsehood. 

On ^he Great Postulate qf Experience, we are to oelieve 
that wh’dt has uniformly happened in tl\e past wjll continue to 
happen^m the future; we accept uucoutradicted oxpenence as 
true. But where there has* been no experience,, we can 
believe nothing. We are not obliged to show that a thing is 
not; the burden lies upon whoever mai^c'tains that the thing is. 
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DEFINITION.. 

The processes having reference to the glnSs, notion, or 
concept, have been already enumerated. The chief‘are, 
Classification, Abstraction, Naming a view to gener¬ 
ality), Definition. 

The class, notion, or ftoucept as already explained, is a 
product of generalisation. It may bo constituted by one 
comftion property, as resisting, moving, white, bitter ; or by 
more than one, as house, mind, man. . ■ , , 

GcjASSIFICATION, in its silnplest form, follows the identificiij 
tion of like things ; ^.hat i^, a class is made up of things bi on^ht 
together by likeness. When the mind attends more partiou* 
larly to the points of community, it is said to put forth the 
power of Abstraction. A name applied teethe class in virtue 
of the glass likeness, is a Gkneral Name. Tlfc precise delinea¬ 
tion of the likeness by a verbal statement is Definition. 

The three processes—Classification, General Ncynjpg, gnd 
Definition—are what we'are now to consider. The* lirrft- 
named process, Classification, ha» a larger meaning than the 
mere assemblage ^f things upflu one or raorfi points of likeness; 
it includes the arts for systematically arranging vast multi¬ 
tudes of related objects, under higher and lower gerifera, as in 
what are called the three Kingdoms of Nature. With li view 
to this greater complication, we shall view the whole subject 
of Classification last of the three?* • • 

As regards theTgeneralization of the Class, or Notion, 
in audits aspects, the fundamental principle is stated as 
follows ;— • ^ * 

Of the various groupings of resembling things, prefer¬ 
ence is given to euch as have in common the mosUinumer- 
Otis and*fhe anost important attributes. 

This the ba.sis oi^ natural or philosophical classificationBi ■ 
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in contrast to insignificant and niisuggestivo classifications j 
as in the distinction between the Natural ,and the Linnaian 
systems of Botany. It may be terftied the golden I'ule of 

qlas^fying.' • * i. > • 

We are often* disposed to prefei’*class«s on^cconnt of tjieir 
extent, although the common attributes—tbe comp^reheiision 
01' cpnnotation, may have dwin^cd d«wn*tp a limited and 
nnimpori,»nt rcsembhince. T^us,\the class ‘ land anirnals ^s 
very extensive, with little cornprehensiot; and more insight 
.is imparted by breaking it np into groups, as mammalia and 
birds, ,eacb having numerous and important points of com* 
munity. The class ‘adherents to a religions creed' is so 
wide as to impart very little information respecting the indi- 
vidiyila ; the suh-chisses Buddhists, Mahometans, Jews, Eoman 
Catholics, Calvinists, each connote a largo circle of peculiari¬ 
ties. 


OlIAPTEIUI. 

CANONS OP DEFINITION. 

1. Ihdiriitioii consists in fixing by language the precise 
signification—the Connotation—of General Names. 

Defining does not apph to the unmeaning name. An arbi¬ 
trary nj^nie used for a particular object as ‘ vSirius ’ for a star, 

‘ Snowdou ’ for a mountain, ‘ Samst>n ’ for a locomotive, is ex¬ 
plained only by showing orindicating the thing.* 

Nevertheless, ffitmi the iiujfbrtant conslideration already 
stated (Introduction, p. 6), tbat»even a singnlai* is conceived 
by the ftiind as a conflux of generals. Definition becomes 
eventfially applicable to individual things. A particular star, 
u mountain, a locomotive enginef jnay he represented and 
roftrfted ofi *from all other flings by a ^eTies of descriptive 
iianues of. general signification. For suPlwau operation, how¬ 
ever, the name Description is more appropriate. 

It has been already explained (Rirt I., p. 71) that a-perfect 
DefiniPitm is the whole connotation of the name. Some notions 
have o^e point of commnnily; some two, three, or four ; some 
a great %nauy, ns the often-meptioned Kinds ; the proper and 

• Hcnco the maxim of the old lop 
dcfiiiitio ’—* a vjpw of the* thing itself 


icians, ‘ Ompis intdiliva notitia est 
is^its be^ definition.* 
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complete Definition must give an account of them all. Tlie 
singling out of one or two properties, for the mere pui poac of 
discrimination, is not a proper or perfect definition^ 

2. From the very n^ure of huniali knowledge, Defini- 
fioft appeals to the twp fundamental principles—Agreement 
and Difference^ or Qe^ierality and Contrast. * 

., I. Every generality im|bt relate to particulars. 

•IT To gvery reai notion, as well as to every particular 
experience, there corresponds some, opposite, also ital. 
►This is simply the Law of Relativity or Contrast.* 

As the sfatement of what is common to a nuftiber of parti¬ 
cular things, Definition is essentially a process of generaliza¬ 
tion ; while neither particular things, no!* their agreements,, 
have any distinct meaning,*unle.ss there be assignable a dis¬ 
tinct oppositfi. The act of Defining, therefore, ^ansiats of a 
ggneraliziug operation, fendered precise at eveiy step by 
expljcit or implicit opposition, negation, or contrast. ]f, 
throughout the process of generalization, we a^il ourselves 
of explicit contrast, to reader prccisg both the {MirtidnlarsAnd 
the*goneralities, th^t one ,operation would be enough ; defining 
would be generalizing pure and simple, and nothing bcsftle^ 
But there is often a great advantage gained by Viewiig, in a 
separate and distinct operation, the opposite or contrast of the 
thing defined; and hence we*may lay dowvn two canons, or 
two stages of the process—the first the canon*of Generalization, 
the second, the canon of Contrast or Relativity ; or, as Gene¬ 
ralization must enter into botli, we may call tliem Positive 
and Negative Methods. * Taken together they sho^ that 
Defining is rendered thorough-gifing, first, by generalizing the 
Particulars of flie Notion propounded,#* and secondly, by 
generalizing the Particulars !)f its Negative. 

The method of Defining given in the ordinary works on 
Syllogistic Logic contair^J ho reference to a generalizing opeiH 
tion. The scholastic definition directs ns to ws.rign ^1) a* 
higher genus of thing defined, and (2) the specific A’ffer- 
ence^ or the distinction Jbetween the thing and the other 
specidti of the* same genns (jJgr genus et dijferentiam). No 
mention is m|ide of the way of obtaining either the •hSracters 
of the genus, or the differential characters of the.spedics. 
Suppose Jive were to define Chemistry in this way ; fgenus) a 
Science, (differentia) having reference to a peculiar kind of 
Combination of Bodies, called chemicdl;—it if obvious that. 
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■ to give Bucb a definition we must scan the subjects ordinarily- 
included in Chemistry, and, by generalizing them, imd an 
expression*suitable to them all, and to none besides, rlenoo, 
the direction to assigrf the genus aild the difference, merely 
relates the form of expressing tlfe result o^ a generalizing 

AUusioii is made, by Mr. ]y!ill,|to fnodetof defining by 
‘Analysis,* or by re.solving a coulplex notion*into its con*-' 
• stiyient elementary notions; as when we define Bioquencep— 

* the pow^r of influenmng men’s conduct by means of speech. 
Hero, Bloquenco is a complex property, resolved into the two 

' simpler propSrties, ‘ exerting influence over men’s conduct, 
and speech.* If, however, the enquiry was made, how do 
wo asirive at this Tlefirfition, the only answer would bo, by 
' generalizing from the particular eflcamplcs of eloquent address; 
so that, in <point of fact, this method, if it be a*method, does 
not supersede the processes of geneAilization. 

The analytic statement could, if we please, be thrown ^irito 
the scholaati* form; we have merely to adopt one ot the com- 
poiienf notions as a ‘ geryis,’ and cajl the others ‘ differentia; 
liifluoncing of men's conduct (genusj, use^of speech (differen¬ 
tia)^ * Wo might even reverse the notions ; ‘ speech ’ (genus), 

* for irilBuencuig human conduct ’ (differentia). 

Thus, neither of these two modes of defining can come into 
competition with the main cirGumstanco insisted on, namely, 
that to define is to generalize. On what occasiops, the 
generalizing process may be dispensed with, will be a matter 

o£ future Consideration. 

• 

Positive Method. 

3. Canon. Assemble for comparison the Particulars 
coming under the Notion to be dcfiiied. 

By the Psirticulars are mei^it, not ^very iudividug,! instance, 
but representative instances sufliciont to embrace the extreme 
varieties. 

To define a species of Plants, the botanist collects recognized 
examplps of tbe species, including the widest extremes ac^Uted 
into it. ’* Ho compares the several specimens^ noting then 
agreemqpts, until he finds what characters pervade the wholej 
these he expresses in suitable* language, which language is 
henceforth the definition of the snecies. ^o, in'dealing with 
■the.higher gr«»upings~genera, oraers, qpd classes—he follows 
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the same obvious plan. Likewise, the zoologist and mineralo¬ 
gist have, in the last re%ort, no otiior method. 

ITarMier jto elucidate defining by the generalization of 
the positive particulars, *we will seleof exaiyples such as to 
briilg out the di£cui^^tua€ions, and will iudioato, in the form 
of suberdtnate carbons, the modes of overcoming the diffioultics. 

^ Suppose we^ Baye to de^o a Monarchy. We mu>,t begin 
hy^ assembling instances ut every institution that haiS ever 
been called by the name: the kings of the heroic agei« in 
J3reece ; the Spartan kings ; the liomail kings ; the* Persian; 
Macedonian, Syrian, and Egyptian kings; the Teutonic 
king; the kings of modern European nations * the kings of' 
the negro tribes ;* the emperors ; the reigning dukes, Inar- 
graves, counts, bishops, &c. To thesd we should have add 
the king-arcyon at Athens,*and the king of the sacrifices at ' 
Rome—more relics of t^e ancient kingly govertiment (Sir 
Gh C. Lewis, Methods of Politics, I. 8G). Now, if we confined 
ourselves to a certain number of these, wo should find the 
common fact of absolute or despotic govornmeu4; this, how¬ 
ever, fails to apply tq, other instances, as our modern cefnstitu- 
iiunal monarchiesif and^ if these are to be included, tli^ 
common features are greatly reduced in significance, being, ia 
fact, little more than (1) the highest dignity in £he strfte, and 
•(2) a participation, greater or less, in the sovereign authority. 
But again, if we look to the two last iiTstanccs—the king- 
archojl at Athens, and the king of the sacrifices at Rome—we 
shall not be able to apply to them even the attenuated com¬ 
munity just given ; tlierg would be required a ^il4' farther 
attenuation, reducing the points of agreement to utter lusigui- 
cauce. , , , 

Now this.is one of the most usual sftuations arising in 
the attempt to generalize a notion with a view to 4®fiiiition. 
We must be led in the first instance, by the popular denota¬ 
tion of the name ; yet, if^ we abide by that^ we fail to obt^n 
any impdl*taut community of ^^eaning. It is in such %, per¬ 
plexity, that the ^(Jden rule must be called to*oar aid^; we* 
must take soin^ means to form a class upon a deep and wide 
agreement. If need be, we must depart from the received deno¬ 
tation ; leaving out some instances, and taking in othq^s, until * 
we form a olass really possessing important class 'attributes. 
Thus, in the case of the monarch, we should cut o^ at once 
die mercTrelics of old kingly power. As regards the rest, we 
should divide the instances between, the absolute and the 
limited mo«mi'cbies ; |:here is a large and importent oommenit/ 
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of ineaning in the class termed ‘ absolute monarchies, and 
tbis class should be isolated, and shouM. make a distinct notion 
in political science, ^^lie remaining mdividuals should be dealt 
■with* apjLi't; they (as shown by^^r (J. C. Lewis) are far 
better excluded from Monarchies, and ftlassedi^with ItepubTics. 

‘ By including in monarchies, and ej^l^diyg from fcpublics, 
every government of which a^iin^ is the lieaa,^u?e TncUcB & 06 iry^ 
true l/eneral proposition respecting moitarchies and republics 
in^ussihle* In this state of things an operation of re-classing 
w the in'Sispensable scientific corrective of the popular and 
received gentyalities. • 

The dehnition of a Colony would afford a case exactly 
parallel. Taking together all the things that have ever borne 
this ffame in ancient or in modern times —the colonies of the 
Phenicians^ Greeks, Romans, Italians, Spi.niarde, Portugese, 
Hutch, French, English—wo should fend these facts in common, 
namely, emigrating from the mother country, settling in some 
now spot, tin(| displacing the previous government, if not«al.so 
the popuhitiSn, of the place occupied. With this small amount 
of ugreement, there are ^ory wide fiisparitiea , and until^we 
naigyw the instances, we do not arrive fit a large and im- 
^ortui\| connotation or meaning. If, however, discarding the 
ancient colonies, we make the comparison among the modern 
instances, we find the irnportajjit circumstance of a sustained 
political relatioiiifhip with the mother country ; wliicli is 
better expressed by the word dependency. And by sull-divid- 
ing the cljjss, we can obtain inferior classes, with still more 
ntimoiptis important points of agreement; as, for example, 
the Canadian and Australityu colonies of this country, which 
c'xercise the powers of iiidepondent legislation, under the 
least possible control by the home government. 

Let US'next endeavour ^lo deiiue i'ood. According to the 
canon, we assemble representative examples of all the sub¬ 
stances ever recognized under this name. Wo have before ns, 
the flesh of animals, the e»v;uient 'roots, fruits, leaves, &c. 
We Jiavealso a number of substances of purely mineral origin, 
as water and common salt. Our work dies"^ in generalizing 
these, in detecting community in the- midst of much difference. 
Were du^au a purely caruivofous feeder, his food might** be 
generalized as the flesh of animals takon into tke mouth, and 
passed toto the stomach, to be there digested and thence to 
be applied to the nutrition and support of the systbm. But 
when we include vegetable and mineral bodies, we must leave 
out ‘ flesh,* afrd subsjtitute ‘ animal, ^getable, and mineral 
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substances ; ’ the other part of the statement being applicable. 
Even as amended*, however, the delfinition is still tentative, and 
needs to bg verified by comparison in detail with everything 
that has ever been put forward as food! W% must 
all informed ciiitics tq say whore the definition fails. Thus, 
nourishment is afforded by substances absorbed through the 
skin, which W(fh1i^ SxcludA tbo medium of the moutlf and 
‘iftomach, and narrov^ the dennition to nourishing or supporting 
the systoA. Again, it is doubted, whether alcohol, tea, 
tobacco (chewed) really nourish the system. Thitf is a faf 
*moro serious objection; and tJie manner of dgaliiig *With it , 
will illustrate the ])rinciples of defining. 

In the first placf, there may be a contest as to the matter of 
fact. Could it bo shown that these substances do give iiolfrish- 
nicut, support, or strength fo the system, the diUieulty is at 
once overcome ; in that ^ase, they fall under tlnf definition. 
On tho contrary supposition—that they do not nourish tho 
the system,—two ctmrses are open First, wo may exclude 
them from the clas.s ‘ Food,’ and retain the deftnitjon. Or 
secondly, we may in(;^udmthem, aud«alter the definition. “As 
modified to suit th<* exteusion, tho definition would be 
stances that either nourish or stimulate the systtjm.’ To de-‘ 
cide between those two courses, we must, as before, refer 
.to the golden rule of classification, which recommends the 
adherence to a smaller class founded on a and important 
community, rather than to a larger where the community of 
meaning is attenuated to comparative iusignificanco. Better, 
therefore, to retain two groups—Foods and Stimutiyitsi-^ 
each with its own definition. In that way, we should derive 
much more iiflormatiou respecting any iti^lividual thing de¬ 
signated eithgr ‘ f'ood ’ or ‘ Stimulant,’ than if the word ‘food’ 
covered both. It may be that some aubstanees combiuo both 
functions ; which would entitle them to be named it» both 
classes. • 

We may notice the df!hnitio% formerly given of * Axiom * 
by way of remarkii^ that a definition is obviously spui;jous 
that does not Hi^nguish the given notion from notions 
already settled.. Thus, unless an Axiom bo a real proposi¬ 
tion; it is not divided from Jdefinitions; and unlesp it is 
fundamental within the science, it does not difier from the great 
body of Propositions so far as employed to prove ottfer pro¬ 
positions.* The characters pAiposed are alone sufficient to 
constitute a Separate notion,bearing tho, name. 

These .cases sufficfently exempli.j the situiftion where a 
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word is extended to denote things that have few or no im¬ 
portant points of community. The ne:|t example will bring ta 
view a pei^lexity of another kind. 

■ SiJijpose we sgek toTdefine a SoUdT Summoning to view, if 
not all IRe solids in nature, sufficient rep^'esen^tives of alhthe 
varieties comp'atible with the name—metals, rockg, ^oods, 
bonee, and all the products*of Wegetible ftnd animal life 
denoiAinatod solid—we set to work to,compare them, and 
note their agreement. There is little apparent difficulty in 
this instance. We See that, however various these bodies 
may be, they agree iu resisting force applied to change their 
form ; so reaSily does this strike us at first sight, that the case 
sceifts scarcely wor^th producing to exemplify a logical fonmnla. 
Lot ns, however, apply the Socratic test—exposing the defini¬ 
tion to the cavil of every objcclor,—and we shall probably 
soon bo tdld of a grave difficulty. The quality, so very 
decided in the great mass of instances, is found to ha,ve 
degrees, to shade insensibly into the state called ‘liquid,’ 
whei’e solidity terminates. Now, at what point does solidity 
end, ahd the^jpposite sti^e begin ? , Is ^ paste, a glue, a jelly, 
%olid or not? Is Hamlet riyiht in.talking of ‘this too,‘ too- 
jiesh r ^ 

Wo’bave Here not a mere cavil, but a frequent and serious per¬ 
plexity. Many couples of qualities, uumistakeably contrasted iu 
the greater numbet of instances of them, pass into one another 
by insensible gradations, rendering impossible the drawing of 
a hard and fust line. Who shall say at what moment day ends 
apd mghf begins ? So, there has always been a doubt as to 
the exact individual that ends the animal series, and is neigh¬ 
bour to the begiijuing of ^ihe^ plant series. * Sleeping and 
waking may have*an intermediate state, with^ difficulty as¬ 
signed tq either. The great chemical sub-division into metals 
and ipm-metals has an abibiguous border in the substances 
arsenic and tellurium. In the animal system, the voluntary 
sliai^s insensibly into the involuntany. 

' The Gredk philosophers displayed to^ the utmost the in¬ 
genuity that lights upon difficulties; and jihis'example did not 
escape them. They grounded upgn it a puzzle named the 
Soriks, or heap. A certain Jbeap was presented, whicl^ was 
fairly designated small; it jvas then increased by very gradual 
additions; aud the spectator was challenged to declare at 
what point it ceased to be smaU, and deserved to be.aocoant^d 
large. , . • 

There is ba4 one solution of the ridJie. A certaju margin 
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laust bo allowed as indeierinined, and as open to differonce of 
opinion ; and such a margin of anlbiguity is not to be held as 
invalidating the radical contrast of qualities on .either side. 
No one would enter intcf a dispute as *to tl>^ moment wlien 
day. passed into^niglA; no^ would the uncertainty as to this 
moment Jbe admitted *as a reason for coiilbuiiduig day and 
night. We mu!lt*agi^^ to rjitFoj; upon the instants of tiimsi- 
t^n in all suclf cases. Whne tlie great body of the non-metals 
cart be distinctly marked off from the metals, we refrain from 
positively maintaining arsenic and tellifrium to bo either* 
class ; they are transition individuals, the ‘ frontier ' instances 
of Bacon ; in that position we leave them. 

There is a margin of transition in tlie etl^iieal distinction of 
Howard and Punishment. In the greAt part of their extent, 
thch(' two motives are amply*contrasted ; to bestow a reward 
for pei'formarfbo, is a different thing from iuflietiftg punish¬ 
ment for iion-perforniance ; and the withholding of a i-eward 
is not confounded with punishment Yet circnnistauces arise 
when the one merges into the other. A kiml parqnt with¬ 
holds from a chdd some, iiidulgenoe originally meant* atf a 
rowjfrd ; if the indulgenceJnis been so frequent as to becopio* 
a kiml of use and wont, the privation is hardly distimp’-ouablc* 
from punishment. 

When it is said, no man is to be punished for his opinions, 
we are not to infer that each *peiaon is bbqnd to associate 
alike with all persons of all opinions, because to give a prefer¬ 
ence is to stigmatize some at the expense of others. Our not 
choosing any one as a companion and friend is not Co bg held 
as inflicting a penalty, or as manifesting disapprobation. 

Wo may farther exemplify j^he *rnothod qpou Matter. ^ As¬ 
sembling tlie various things recognized as Anaterial, say solid 
and liquid boifies, and compar*ng them among themsalves, wo 
find a unanimity in these points, natTioly, resistance to nMition 
or* force applied to them, and exercising power or force wliei^ 
in motion. , All solids and all liquids agree in these features. 
They farther agree ir^being visible and tangible.* AVe must 
-next bring into coa:y;)arison the gaseous bodies. Do these 
possess the same quality a^to resistance and moving power? 
The identity is liot at first sight«apparenb, but becorao^so on 
a closer inspection; air^ resist motion, and conatitute’movirjg 
power, although in a comparatively less degree thai^* solids 
and liquids. They are not, however, as a class, visible and 
tangible ; consequently, eithqr these qualities must be dropt, 
or gaseous bodies mii^b be excluded; ‘we mutt make our 
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choice. The decision is not difficult. So exceedingly import¬ 
ant 18 the material property of Resistance and Momentum 
(given in Oi^o word—Inertia), that we arc justified in making 
it the foundation of a class, eved although v,'o associate 
together tilings visible and tangible, apfl ihi| 2 gs invisible and 
intangible; ’ ^ r f. ^ 

Tke next enquiry relates to^theiEttfei^ or ^herial medium, 
occup'ying all space. Shall thil bo iryjluded in the class 
* Matter ’ If the property of Inertness can bc^ proved' to 
•belong' L« the suppos'ed Ether, we must include it. On the 
conlrairy supposition, we are ir^the alternative position already 
exemplified ; wc must either exclude the instance or attenuate 
t.iui * deiiinug properties. Now, the only community that 
coulid exist between an* unresisting Ether and Matter would 
be this very general circumstance, namely, bein" an extended 
medium fof' the operation of forces,^ The supposed other con¬ 
veys light and heat, and is therefore a transitory embodiment 
of molecular force, as solids, liquids, and gases, are of force, 
both molar und molecular. Better, however, on this extreme 
supposition, liiDt- to classethe Ether„with Matter, but to leave, 
*as th(' defining property of Matter,,the al]j-important fact^doa- 
•cri\)ed by Inertia. 

The foregoing instances under the Positive Canon arc 
enough to show ^Sfinition iu its primary character as a general¬ 
izing operation, and also to bring out the leading difficulties of 
the process—tho adjustment of the particulars to comply wilh 
thh gqltlon precept, and tho allowance of a doubtful margin in 
ca.sos where opposites pass insensibly into each other. 

* • a 

Negative ^Method. 

t 

Ai. Gdnon .—Asaemblft for comparison the particulars of 
the Opposed, or contrasting Notion. 

This amounts to saying *-hat, with the given Notion, w© 
shall also define, by the same generalizing method, the oppos- 
iug Notion. As it is impossible for anytffin^ to be precisely 
defined, unle.ss its opposite is known, and defined with^ equal 
precision, wo must iu substance perform the two-fold operar- 
tiou, whether or nob we formally separate tho opposing aspects. 
The c^es where tho formal separation is. expedient will be 
made manifest by a few examples. ' •. 

It is impossible to place the human ipind in a more favour¬ 
able position*for comprehending a gei(<erality. than, by laying 
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out to the view two arrays of particalars—the one represent¬ 
ing the given notion, ftie other its negative. Tha notion of 
Straightness, for exampli, is thoronghly sot forth by placing 
a series of straight ol^'ects ^of all varieties in Sther pit)perties) 
side by side wira a series of bent, carved, or crooked objects. 
Supp(»sii% the r^presgn^^ation of both sides to be complete the 
.^ry utmost has been done io ptit the learner in possession of 
th® notion,^i<lea, or (Joncopt, called ‘straight.* 

Let as apply the method to the definition of a SoJ^. The. 
positive generalization leads to the expression of the c<jmmoa 
attribute thus;—‘Solids resist*force applied to*change their 
form.’ Try next Jlie negative plan, by generalizing liquids 
(and gases). On an adequate comparison 5f these uon-^lids, 
we are able to say, ‘ liquids and gases yield to the slightest 
pressure, and*have no fixed form, except a.s giv<^i by solid 
enclosures;’ which is th% exact obverse, and, therefore, the 
corilirmation of the j^rior statement with refero!ice to solids. 

Kffverting now to the definition of Matter, already worked 
out on the positive side, let us seek for a negative gc?norali«a- 
tion. But what is the negative of Matter ? Most personsi 
would answer ‘ Minfl; ’ wRioli is true, but not the whole trifth.. 
Matter is indeed opposed to Mind; but it is also opp«i!sed to 
Space unoccupied (except by the supposed Ether). The com¬ 
plete opposition to Mind is BoitensioHy wli^ther as resisting 
Matter^or unresisting Space. We have therefore to oppose 
Matter to Space, aud ask the definition of Space. Now, on 
comparing all our experiences of what wo term emiityopiM^- 
occupied space, we find this common fact, freedom to mSvey or 
scope for movement; a definition tho exact obverse of the 
definition of mattw, or of the fact called Bfesistance or hiert- 
ness. 

Matter is sometimes opposed to Force. An argument for 
the immateriality of mind is founded on this opposition. 
Tims Hartley says, matter which is inert, cannot be the gub* 
stance of mind, which is active, t)r a source of power. This 
.isapure mistake ajitl confusion of ideas. It takes up t>ne 
aspect of Matter—resistance, and drops the other aspect— 
mov^g force. ‘The two Aspects are inseparable; force is 
moving matter ; without matter \hero is no force. •• * 

The method'of Opposites will be'seen to advantage, in d'e- 
fining Chemical Gomhiiia tiony the subject matter of the Science 
of *Chemi5£ry.. By tho positive canon, we have to assemble 
numerous iustauces* of the •so-called Chemical ^unions—the 
anion of bxygen and iiydrogen to form water, oxygen and 
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carbon in carbonic acid, &c.. The opci'ution would turn out a 
very laborious one, from the great multitude ‘of the particulars 
to be examined even, for adequacy, of r'epresentation. We 
shall, however, Oppose that there has bc^u obtained a general 
statement of the ])uints of community; naiflcly, change* of 
properties; definite proportions, and hqaL , ^ • • 

Wo,Ttext ask what is CheHhioal CoinbiHatiqp opposed to ? 
Of the genus —Combination, whal. are the »peclps not cbemics^l r 
The ansvver is Mechanical mixture and Solution (in its broad 
phase Qf molecular adhesion). Wo should then have to gene-, 
ralizo these two, and confront* the points of agreement with 
those above given. Now, we may dispenijo with drawing a 
formal contrast between Chemical union and Mechanical 
mixture ; for this I’eason, that the two are so prominently 
distinct as, not to bo in danger of being confgunded. The 
profitable contrast is with Solution. dGrcneralizing the instances 
of solvent attraction—in common solutions, in alloys, (fee.,*— 
we see that ^althougli the solidity of a body may be broken 
up, oiv its siftjio changed, it retains the greater number of its 
characteristic properti(!s; salt and Sugar, when dissolved^are 
,th^ «ame for most purposes ; the* change is comparatively 
insignificant. Again, solution may he in all degrees up to 
saturation. Finally, solution is usually a cooling operation. 
These are the preqjso opposite^ of Chemical union. We may 
draw uj) a pointdidly contrasting definition in this form ;— 
Combination Solution 

* Characters of the Compounds 
Merged • Retained 

Proportimi of Combining , ^ 

Definil(p • Indefinite 

liesuliing change §f Temperature • 

Heat , Cold. 

In*the above instance, the Negative generalization is the 
lasier of the two; the field of instances being sooner over¬ 
taken. The same advantagt^ belongs to the definifig of Mind 
by • the opposite. The particulars c(Jhstituting Mind are 
numerous, various, and complicated; the particulars consti¬ 
tuting Extension, the property opqiosed to suind, are*much 
soonef gathered up into a general notion, and that notion is 
mbeh piore distinct and fabiiliar than tiie properties of mind : 
moreo^r, the community of Extension is- singlo ; of mind, 
pli i*ah *• ♦ 

Opposing j;iotions, having between tl|3rA a border of ambigu¬ 
ous instances, are best cleared up by tie method of Negation, 
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with pointed contrast. We formerl}* had to notice the snbtleTy 
of the line that, .on sqpie ocoasidns, divides the Notion from 
the Proposition ; the definition of a complex potion being 
often very difficult to distinguish from ?i Proposition. • 
vippotife is nijt sufficienfly defined unless pointedly*opposed . 
to th^ uption most nearly allied with it—Desire. 

The principl® of TMitity, as tljp moral standard, is opposed by 
'fiieiitham, to l;he tvvo principles—Asceticism, and Syflipathy 
of Antipathy (Sentiment). • 

The Plant or Veyetahle is defined by a parallel array of 
“contrasts with the Animal; apd conversely. 

^ Deductive Definifion,^ • 

5. WJien Complex Notions arc-loi irted by comjj^ound- 
ing simpler notions, as ift the Deductive .Sciences, they# 
may be defified by statmg tlicir coinjiu-sitioii. • 

. In the Deductive Sciences, as Mathematics, notions as well 
as propositions are ■formed by artificial composition or dedne- 
lion. Given the notion ‘triangle,’ and the v:i<m()I]S notions 
‘ri^ht angle,’ ‘ eqnajity,’# &c., wo oan construct the cbm|)le.x 
notions ‘ right-angtd triangle,’ equilateral triangle,’ ‘ isos^oWs 
triangle.’ No reference to particulars is needed for defining 
such notions; we merely recite the olernents used in com- 
• poundiiig them; ‘a right-angled triangle is a triangle with 
one nglit angle.* ** 

Having the notion ‘attractive force,’ and the various nnmeri- 
cal notions, squares, cubes, Ac., wo constitute the artificial 
coTnjionnds, ‘ forco as the, square of the distance, fli5pubb*of 
the ilistance,’ and so on. ^ 

This is the oni^ grand exception to the principle of defining 
by the gener<ilizatioii of Particulars. Froln the magnitude of 
our Deductive Sciences, there is a very largo numbar of such 
motions ; and they have been the means of withdrawiiii^atten- 
tion from the fundamentg,! process of Defining through t|je 
coraparisdU of instances in the (^ncreto. • 

Wo make artificial compounds, not merely for scientific • 
ends, as in the Dedactive Sciences, but also in the exercise of 
Iraagfination, as when wo feign gods, demi-gods, demons, dra- 
goils, and ideal personages and«cenc9 in poetry. Thc^ defini¬ 
tion of these notions also is the statement of their composition. 

The Language of Definition. • 

* 6. The Language of De/inition consists in assigning the 
eonsiitiients of a CoiAplex Notion. 
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•. • The dictionary definitions by synonyrm have an inci¬ 
dental value, but are not pfoper definitions. 

The generalizing operation torminaies in* the seizing of com¬ 
mon features, which have to be oml¥>diedcin language. Now, 
the language used must express some more eleillentary notions, 
whose combination gives the required notjon.* ‘ A solid resists 
force Applied to change its forifi '—^is an expression substitu' 
.ting for the word ‘ solid ’ a coalition of mere elementary ard 

f en^ral names—‘resistance,’ ‘force,’ ‘ change,’‘ form.’ The 
efinition*of Property is—‘ the right of each person to dispose 
•of whatever things of value thef have either acquired by their 
own labour, or obtained by free gift or by fajr agreement from 
those that have so acquired it.’ Here the constituent notions 
are* fight,’ ‘disposal,’ ‘value,’ ‘acquisition,’ ‘labour,’ ‘gift,’ 

‘ agreement.^ t 

Liberty is definable as the power (f£ using one’s faculties at 
will, subject (if Civil Liberty bo meant) to not interfering 
with the like use in others; implicating * power,’ ‘ faculties,’ 

‘ will.’, • * 

, Thus the so-called meftiod of ‘ Analyois ’ is the method of 
expressing every proper Definition. Whether the source of 
•fhe definition bo the generalization of particulars, or whether 
it be deductive as just explained, the wording of it is analytic. 

The use of synoijyms in defining depends upon the circum¬ 
stance that alrao.st every notion or thing has a plurality of 
names, and may be better known by some of these than by 
others. ^Xhere are many names for the fact called ‘ pleasure 
joy, enjoyment, delight, happiness, foiicity, delectation, rapture, 
eostacy. The less familiar <jf those names are explained by 
^ the help of the more, familiar; but this is not eeientific defining. 

7. The scholastic formula *of defining —per genus et 
differentiam —like Analysis, belongs to the expression, 
r?tlier than to the discovery of tfie meaning of a notion. 

Each of tlA) constituent notions expressing a complex notion 
is nScessarily more general than the cothpOund. ‘ Three,’ 
‘ side,’ and ‘ figure ’ are each more general than the nption 
.‘triangle,’ which they express by their combination. We 
may, theVefore, take any one of these and call it generic or the 
genus —s^y ‘ figure : ’ ‘ triangle ’ is then a species of figure ; and 
its differentia or specific marks discriminating it from other 
fibres are given in the reraainiag chare cters ‘ three' and 
.‘side,’ ‘combined int6 ‘three-sided.’ rSo, if eloquence be 
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defined, analytically, as * the influencing of men’s feelings and 
conduct by means of *speech,’ we might call ‘ influencing 
men’s conduct,* the* genus, and * the employment bf speech,* 
the specific difference. * We might, also, ifivert tjjie terms 
and make ‘ speech’*Jhe genus, and ‘influencing men* the 
differ^noe. ^ ^ 

This latitude*liQwfcver, is usually restrained by the cifcum- 
■Jtance that one of ti|ie constituent properties is the basis of a 
recognized*class, already existing. Thus, in defining a ciwle, 

* line * is the recognized genus, and ‘ equal distan(9e from d 
*point,’ the specifying attributa. A groat nurry^er of'classes. 
and class notions fall under some superior class, or notion, on 
some one or more* of their attributes. I{at to mention the 
systematic classifications cf Natural History, we may p0int to 
such cases as^Painting (genus Fine Art), Mathematics (genus ' 
Science), Prudence (germs Virtue), Planet (genfts Heavenly 
Body), Gold (genus Aletal), Whiteness (genus Colour), 
Cathedral (genus Bailding). 

Instead of presenting an exhaustive analysis of a jaotion, or 
class connotation, thi% method supposes that genSric properties 
are*already knowi^ that,people are, as it were, educateji up 
to the point of comprehending the genus, and need ^nly td 
have the genus mentioned, and the specific differences stated. 
.Thus Mathematics is the Science (genus) of quantity (difter- 
ence). Ethics is the Science ^genus) of rfiqn’s duties (differ¬ 
ence). '■ Painting is the Fine Art (genus) that works by colour 
(difference). Poetry is a Fine Art employing the mstrument 
of language. Prudence is^ a Virtue (genus) Iraviug referento 
to the welfare of tho individual a^ent (difference). Justice is 
a Virtue, involvijjg an equal a-nd impartial,distribution pf ad¬ 
vantages, acqurding to a received scale oi^ standard. Polite¬ 
ness is Benevolence in trifles. lieligion is Government 
(genus) by a Supernatural power ((Jifference). Wonder^ Fear, 
Love, Anger, are of the^genus ‘Emotion,’ each having rfi 
specific difference. Sight is o^the genus ‘ Sensation ; dif¬ 
ference, ‘ by the Ey^* ^ 

Locke’s remarks o» the scholastic type are very much in point. 
They.aro in substance thesc^:—When, in defining, we make use of 
the* genus, or next general word^ it is not out of necesigty, but 
only to save the labour of enumerating tho several sirilple ideas 
that such general worJ already expresses, (or perhaps the shame 
of not bcipg able to give the fulj enumeration). Definition being 
ilbthing but making any one understand by words what idea the 
given word stands "fo*, it is best made by giving ^11 tlm simple 
ideas combined in the signification of the term; and if people 
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have been accustomed, instead of the full enumeration, to use the 
next general term, it is neither* from neceswty ncr for greater clear¬ 
ness, but for.quiclmess and despatch. (Essay. Book III. Chap. IL) 

Ultimate Notions. 

8. For simple or Ultimate Notioifs, th^ generalization 
from. Particulars still holds, but vefbd expression neces¬ 
sarily* fails. . „ ’ ‘ 

For attaining the notion * whiteness ’ we gather particular 
Examples* of white colour, and of colours not-white. The 
. conjunfct imp]j;pssion of the positive and the negative particu- 
• lars does everything that can be done to master or to convey 
the notion; we may then attach a name to enable it to be 
spokef* upon, but we cannot gi^e a verbal definition of it; 

' there are no notions, more elementary, whose combination 
would give \he notion ‘ white.’ So jwe cannot by any form of 
words convey the idea of ‘ resisting; ’ as an ultimate fact it 
can be known" only in the actual experiehce of a compawson 
of resisting filings. 

We may define Equality by Coincidence, but we cun give 
no definition of Coincidence, we must shov it. Any attempt 
at verbal expression, by such synomyms as ‘ agreeing in size,’ 

* exactly fitting,’ would bo illusory. 

Succession and Co-existeneg are an ultimate contrasted 
couple, definable pnly by reference to examples. 

Unity and its opposite, Plui’ality, are indefinable. We 
must pro(|uce an array of objects with the common attribute, 
sifcgleuehs, and another array of grumps, and the comparison 
of the two arrays by the observer is the only possible mode of 
attaining the concoction. ■ ,i 

A Mathematical point is inde^nable. The definition given 
in booksdn geometry, ‘position without magnitude* is not 
more elementary but more complex, than the thing defined. 
’JJhe correct mode of defining a poipt for geometrical purposes 
seemt. to be^ to indicate to *he eye positions or landmarks 
where We begin or end a measurement, or make a division. 
The Icnowledge of a point or a position is obtained in the same 
concrete examination that gives length and space dimensions. 

A lin^Js not definable ; as 'just noticed, it is an abstraction 
derived from comparing extended bodies. 

An afegle is not definable; ‘ inclination ’ is merely another 
name for the entire notionj it ijf not a simpler ormoife elemen¬ 
tary conception. Actual example® mus^bc shown. There is 
’a mutual impfScation pf a circle with an angle, so that if we 



INflEFINABLE NOTIONS. J69 

wore made to master a circle in the first instance, we niighi 
then learn an angle by ^finition; hut in the process of know¬ 
ing the circle we could not avoid knowinjp an angle.** 

‘ Complex ideas,’ savs Huipe, * may, perhaps Ipe well l^joWb by 
definition, which k notnvig but an enumeration o^ those parts or 

* Our sensibilities hi genA'al give us the experiences of Differenqp and 
i^reeraent; Quantity,•amount or degfee, Number, or discr-^to quantity; 
and^Time (Succession is^iiot fully %iven until we have the special experi¬ 
ence of the simultaneous, an acquired and complex notion). • 

The Muscular sensibilities, in particular, give Resistance and Motion ;< 
#hich, by the farther help of sense experiences, are unfolded intq Space 
and Co-existeuce: • 

Every one of the Senses contains one or moro ultimate experiences.; no 
one sense can enable*u8 to conceive what belongs to another. What 
' number of independent er underivable sonsatfons should be attribated to 
each sense, wo cannot easily say; Whiteness, and the simple colours must 
be conceived ns*ultimate; while even the compounds a^d shades of 
colour are probably for the metet part beyond our power to conceive by 
any mere constructive effort, or apart from actual experience , a circum¬ 
stance that would make the ultimate notions of sight very numerous. 
Similar remarks may be extended to Sounds, Touchesf Smells, and 
Tastes; under every one of these classes oL sensations, there hnust be a 
consijlerablo number thattsannSt be referred by derivation to others, anc^ 
must be sepaiately oxp*ienccdit Our Organic Sensibilities, in like fan¬ 
ner, contain numerous characteristic and independent modes; hunger,* 
thirst, repletion, suffocation, headache, rheumatism, &c., are all indefin¬ 
able by analysis, because they are ultimate modes of sensibility. Even 
although many of them have a conmou charactgr, pain, they have a 
speciality which can be understood only by being felh 

In the higher Emotions, as Wonder, Fear, Love, Anger, Pride, 
Curiosity, wo have many compound states. The msthetio pleasures are a 
combination of simpler modes. Still, a certain number of eAarons h(e 
to appearance ultimate, as "Winder, Fear, Tenderness, Power f while 
there is an absolijytev certainty that thej* could not be conceived without 
being actually felt. •Moreover, many emotions that the Psychologist is 
able to analyze Qpuld yet be constructed only with very great difidculty by 
the help of the elements alone, a person that never expeiipnced the 
sentiment of veneration could scarcely arrive at it by merely being told 
what are its constituents. * 

Tho elementary experiences of the mind are, therefore, very numerouill 
and so, tliefbfore, are the ilideflnabk notions. The varied situftiems 
of human life give bir^i to notions practically indefinable; tho idea 
of a Political Society ^uld not bo communicated to any one thalfhad 
never been a member or some actual society. Hence, in our attempts to 
definj Government; Law, Authority, we must make an appeal to the con¬ 
crete experiences of the listener. ’ • ^ • 

When all suclk cases are .taken into accennt, the notions that are of. an 
indefinable and ultimate nature must be reckoned by hundreds. •Diction¬ 
ary makers iiave hith'erto overlookcd«this circumstance ; and hence their 
pretend ed definitions revolve in a circle of words, where there should be 
a reference to actual thiites. How vain is a verbal deflnitioq of such 
words as light, heat, motion, large, up, fragrancV> pain, viAnder! 
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simple ideas, that compose them. But when we have pushed up 
definitions to the most simple ideas, an4,find still some ambiguity 
and obscurity; what resource are we then possessed of ? By what 
invention can we thinw light upon these ideas, and*^ render them 
altogether precise and determinate our intellectual view ? Pro¬ 
duce the impressions or original sentiments, from which the ideas 
are copiech’ • ^ ^ 

Lflcke considers himself to havt been the firsttorojuark that Simple 
Ideas* are indefinable. By Beid and by Stewart, the merit of first 
stating the fact is ascribed to Descartes. Hamilton would trace 
it back ^0 Aristotle ^Keid’s Works, p. 220): but Mr. Mansel 
questions the interpretation pqjt by Hamilton upon the passage 
apparently r(fiicd on (Aldrich, Appendix, Definition), and quotes a 
renmrkable passage from Occam, approachiivg closely to Locke’s 
]josition concerning Simple Ideas. Aristotle, says Mansel, may be 
cited%san authority for limiting the indefinable to Summa Genera 
and to Individuals. 

Aristotle^ general theory of De%ition is much perplexed by 
being tj’oated as an investigation of dause, and by keeping up the 
(listinctiou of Substance and Attribute. Bxt, in regard to \^unt- 
ing for,’ as Ije expressed the search after, a definition, he allows 
thg method of generalization from particulars, as well as the deduo- 
^tivG method, by working down froih a higher genus. H< also 
give,g an intelligible distinction between Nojuinal and Beal Defin- 
*ing. yhe Nominal definition applies ‘ where there is no evidence 
of the existence of the objects,’ as when we define a purely ima¬ 
ginary being, such as a centaur.. This of course could only be a 
deductive dufinitioit. Beal definition applies to things known to 
exist and would De most completely exemplified in defining by a 
generalization of particulars. 

Mr. ]^^1 draws the line between Nominal and Beal Definitions 
—Definitions of Names and Definitions of Things—^by remarking 
that the last-named kind, qJong with the meaning of a term, 
covertly asserts a jnatter of fact. (Book I., Gimp, VIII,), Tho 
Beal Definition postulates the real existence of thi thing defined. 
In anotlipr place, however (Book III., Chap. V.), while discussing 
charactoi' of the Definitions of Geometry, J^r. 
Mill remaiks truly that in order to reason out facts we must shape 
6 ur hypotheses to facts ; imaginary assumptions could bear 
imaginary consequences, but yh need real assumptions in order to 
givQ real consequences. 
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^EN*ERAL NAMES. 


•1. General Names may npt t)e absolutely indispensable 
to general «otions, ^ut, besides being necessary to coi»- 
munication, they aid the memory in relnembering genera¬ 
lities, while without them, we »ould not combing a nufnber 
of distinct notions hito propositions and reasonings. 

• We might discover similarities in nature, and might reiijem- 
ber and act upon such discoveries, without the use of language. 
We could not,* however, impart such discoveries *0 others. 
We might, indeed, in soAe instances, put the resembling 
things side by side, wj;iich would make the identifying opera- 

. tion Somewhat easier to those that came after «s. By a 
similar device, we might indicate a patural conjnnclioTi, m 
certain very limited ciitiumstances. The powers of fire might 
be expressed by putti J'g on one side of a fire, a pile of wood, dnd 
on the other a heap of ashes; even this would not be intelligible 
without pantomime. But beyond the simplest cases, the 
attempt at expressing general laws would utterly break down. 

Our qwn recollection of discoveries of identity is vastly 
lightened by the use of names. The employment of the same 
name to the resembling tilings, both expresses the thift^s 
individuals and declares tlteir community or likeness; this 
mode of signifying likeness being df all others the least bur¬ 
densome to the mcftiory. The*complex and* many-sided like¬ 
ness in differSnee, charactertstic of natural objcct% — the 
possibility of including the same object, an orange for e^m- 
plc, in a great number of classes—renders this easy mode of 
keeping the various comijifnities before the mind, of inqgti- 
_mable value. By the use of a few terras—round, yellow, soft, 
sweet, we can corapec^iously grasp all the relationships of fho 
orange, and make them enter into our reasonings with com¬ 
parative! ease. No discovery 0 ^ identity among objects is 
secured against neglect, until, joined to a common ifSime, it 
can be borne m men’s’ minds by means of this gentje and 
constant insinuation. , 


2. The conditioM ^f geiieral Naming fall^undey two 
heads. 
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First. Every name should have a meaning well defined. 

The necessity of this is too obvi«us to* need enforcement. 
Every science shoiild have all its terms” defined. The end of 
thtf Logic of Ibfinition is to fix the meanings of general names. 

We find iq point of fact that words often possess numerous, 
distracting, and incompatible meanings. Take the familiar 
tei^n ‘stone.* It is applied^ to mineral and ,rocky materials, 
to tlie kernels of fruit, to the ac6umulations in the gall bladder, 
rfnd in the kidney while it is refused to polisned minerals 
(called* gems), to rocks that have the cleavage suited for roof¬ 
ing (slates)^ and to baked claj'^ (bricks). It occurs in the de¬ 
signation of the magnetic oxide of iron (loadstone), and not 
in speaking of other metallic ores. Su^i a tei^m is wholly 
unffo for accurate reasoning, pnless hedged round on every 
occasion by other phrases : as building stone precious stone, 
gall stone, &c. Moreover, the*methods of definition are 
baffled for want of sufficient community to ground upon. 
There is no quality uniformly present "in the cases where it 
is applied,' and uniformly absent wlioro it is not applied; 
licnccj, the definer woiild have to employ largely the licence 
of striking off* existing application j and ‘^aking in new ones. 


3,“ The demand for new names is a cause of the loose 
extension of words already in use. The processes of ex¬ 
tension are Siqfdlarity, Composition, and Contiguity. 


(1) The operation by Similarity is described by the name, 
netv* object is brought into comparison with some one 

already known, and the name transferred accordingly. Thus, 
on the discovery of an additional coal-field, alhthe designations 
previously in usctin connexion with coal S.re legitimately ex- 
tonded^lo the new formation. 'More precarion*^8 extensions by 
similarity are often made. It is enough to mention the whole 
class of metaphors, wherein, by virtue of similarity, acebm- 
*panied by serious diversities, old vyords are employed in new 
meanings *— ‘ light ’ to signify knowledge, ‘ fire ’ to denote 
zml and irascibility, * birth ’ and * death * to mean many things 
differing widely from the beginning and the ending of life in 
an organized being. , 

(2) The process of Composition is shown in framing new 
word^ by the union of existing words; as log-book, mince¬ 
meat, %ail-stones, far-sigbted* and by the system? tic employ¬ 
ment of prefixes and suffixes, prejudge, undo, withhold, 
boundless, wisdom, bearer, unnecessary. 
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The same process is seen in using a plurality of words to’ 
convey a single moaning^: as in thfl systematic designation by 
genus and species, \\fchite man, moss Ifese; and iT\ numerous 
many-worded combinations and circumlo'butijns — ‘ the Jast 
surviving descenclant*of ail ancient family,’ ‘the father of 
History.’ • 

(3) The proce5h*of Contiguity* is exemplified in the figure 
ciflled Metonymy—as in usiiig the ‘ crown ’ for royalty*, the 
‘ turf ’ for Imrse-racing. So long as the figurative characl^r 
of this operation is kept in viow, there is no harm done. A * 
rfioro dangerous employment contiguity is exemplified in 
what is termed the ‘ Transitive application of. whrds.’ This 
operation demands Especial notice. ^ 

4. A word originally applied to a thing, by virtue dF one 
quality, may •contract the additional meaaiiio^ of some 
associated quality, and iHeiice be extended to things pos- 
ses*sing the second equality singly. 

This tendency was brought into prominence‘by Dugald 
Stewart, who gives th^ foUowing syntbohcal eluetdation'of *St. 

‘ Suppose that the letters A, B, C, D, E, denote a series of* 
objects; that A possesses someone quality in common with* 
13; B a quality in common with C ; C a quality in common 
with D ; D a quality in common with E; while at the same 
time, no quality can bo found which belong in common to 
any thrSe objects in the series. Is it not conceivable, that the 
affinity between A and B may produce a transference of the 
name of the first to the segond ; and that, in consequSgce *(if 
the other affinhies which connec^ the remaining objects to¬ 
gether, the same game may pass in succesaiou from B to C; 
from C to D ; *and from D to E r* ’ * 

The word * damp ’ primarily signified moist, humid, wet. 
But the property is often accompanied with the fooling 
of cold or chilness, and hence the idea of cold is strongly 
suggested by the word. • This not all. Proceeding i*pon 
the superadded mej^ping, wo speak of damping a man’s 
ardour, a metaphor where the cooling is the only circurastifnco 
conceiaied; we go on stilUfarther to designate the iron slide 
that "shuts off the draft of a stowe, ‘ the damper,* the jijimary 
meaning being now entirely dropt. ‘ Dry ’ in like manner, 
through signifying the absence of moisture, w^r, or 
li(jaidity A applied to sulphuric atid containing no water, 
although not*thcreliy|cea8iag to be a moist, wet, or liquid 
Bubstancot “ • 
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The word ‘letter’ has undergone a series of transitions. 
Originally applied to the •alphabetic^ characters, it passed to 
epistolary .corrospond«?Iice, to literature i(letters)j but in our 
•post-office sysf^m Tt has strayed ftill wider; it has come to 
mean parcels made up of jewellhry, 8 bft gj^ods, and miscel¬ 
laneous ^ares, provided they are carried by post. « ^ 

‘Oas’ is the nopnlar nam^ for any efiliivift, anything in the 
air. * Clond and smoke would bo called gasc6us emanations, 
aUhough they are not properly aerial bodies. « 

• A ‘ back door ’ originally the door at the back of the house, 
for servants, is applied to the^oor for the same purpose when 
in front of the house. 

^Street,’ originally a paved way, with«or without houses, 
has been extended to roads lined with houses, whether paved' 
or unpaved. 

* Impertinent ’ signified at first irrelevant, alien to the pur¬ 
pose in hand ; through which it has come to mean, meddljug, 
intrusive, unmannerly, insolent. So wide is the difference 
between tho first and last senses, that, in spite of the apparent 
ease of tho transitions, Mr-Hailey s.uspocts the influence of the 
< similarity in sound with the epithetpert ’ (DiscoursLs, p. 

‘ I’liste ’ is transferred by similarity, or metaphor, from the 
feelings of the sense of Taste, to the feelings of Fine Art pro¬ 
ductions. Them’is also, in ail probability, a transition in the 
double meaning of tho word in both employments, namely, to 
signify the 'pleasure imparted, and also the discrimination of 
budies by taste, and of good and bad in Fine Art productions. 

ExTiraples may be quoted from the highest questions of 
philosophy. Thus, tho effithet ‘ beautifuy ’pl'operly circum- 
sciibed by Fine Art, is often loosely applie'd to pleasures not 
artistic., 

T^is misleading tendency was never adverted to by either 
Plato or Aristotle, who, in their enquries, counted on finding 
under such words as Beauty, Cause, Justice, some unity of 
significatioii. The same mistake pervades Bacon’s inductive 
enquiries. ^ • • 

The word * gentleman ’ is an example of transitions growing 
out of historical and political circumstances. Meaning origin¬ 
ally a’man born in a certain rank, it came by degrees to 
connote all such qualities or adventitious circumstances as 
were usually found to belong to persons of that sank. This 
consideration explains why in oqe of its Yulgar'acceptations it 
means'any ene who jived without labhur, in another without 
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manual labour, and in its more elevated signification it has in 
every age signified 4he c(yidact, character, habit^and outward 
appearance, in whomsoever found, w%ch^ accordiit^ to the 
ideas of that age, belonged or were expected to be^png to 
persons born andig)ducS.^ed i& a high social position.'' 

Simiiar»changes.are traceable in the words ‘loyajty,* ‘ vil¬ 
lain,’ ‘ pagan.’ 

•A ‘ convict ’ property means one convicted or feund guilty; 
but*the signification most prominent is the transition to the 
state of hard labour entering into the puriishment of convicted 
fdlons. 

5. The derivations of terms frequently exhibit, in egn- 

junction with coufiguous transitions, an element of simi¬ 
larity. • * 

In an interesting chapter devoted by Mr. Miil to ‘the 
Natural History of the Vacation of the meaning of terms,’ he 
notes two difibrout tendencies to oliaugo both grounded in 
similal’ity—the one a movement of Generalization,,the other a 
movement of Specialization. ^ • 

A% to the first, the iTjnd^ring of specific terms general, we > 
have such examples •as ‘slllt’ extended from sea salt, to *tho 
class of saline bodies ; ‘ oil ’ from olive oils to oils geneRilly ; 

* squire ’ from the owner of a landed estate to other classes 
supposed to bo entitled to a sifnilar positior^; ‘ parson ’ from 
the incuinbent of a parish to clergymen at lai’*ge. 

The Specialization of terms is apt to arise when people 
have occasion to think and speak oftener of one man»ber oj 
the genus than of the othtsrs. Thus ‘ Magazine,’ a stdi*e or 
receptacle, has •been narrowed to a periodical publication. 

^ Cake ’ is specialisifed to pastr^. A ‘ story * is used to desig¬ 
nate a lie—a eftrious illustratien of the frequent inaccuracy of 
current narratives. ‘ Pleasure * has •oftener the signification 
of a very narrow class of enjoyments; to which corresponds a 
special meaning of *virtu^’«and virtuous. ‘Wit’ formerly* 
meant inteflectual power of anjf kind; Bacon, Milton, and 
Newton were great wfts. The modern tendency is to restrict 
it to the production ot ludicrous effects, and even still farther 
to thg Ingenious play upon Vords. 

6. The precautions to be observed in re-adjustfiig the 
signification of terms, are these ;—First, important ,|[uean- 
ing^ in cun'ent use, or meanings at the base of important 
predications, should* ^ot bs disturbed, secondly, the as¬ 
sociations of powerful sentiment should not belreversed. • 
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In restricting the word ‘ beauty ’ to the refined pleasures 
of Art, and oi^the artistic element of JJfatupe, we do not inter¬ 
fere with* any receiyetT*propositions, now with tlje approving 
Benlfirr\(yit, connected with the terra*. The word ‘ wit,' in its 
modern restriction, has undergone a nj^ch gjieater revolution, 
and certainly does not support the sajae propositionfl, ijoi* the 
sanffc associations of dignity as in Queeft time. ‘ Jus¬ 

tice '’cannot be accurately defined with(jut a reterence, in tfte 
laSSt resort, to law, authority, or command ; or* at leasf to 
men’s opinions as to*what should be authoritatively enjoined 
or cofnrnand^d ; a mode of defining that has always been urf- 
palatablo, as making the illustrious quality of Justice, the 
creature of law and opinion. • 

‘ CUvilizatiou ’ should, if possible, be so defined that the' 
European nations should bo included, and the American 
Indians, iSosJesmans, and aboriginal Australfans excluded ; 
while no unfavourable sentiment should bo introduced, by 
giving preponderance (as Rousseau did)«to the supposed,.evils, 
or di^sacjva-htages, attonding on the arts and discoveries of 
civilized natTons. • , ^ 

the diflic 111 ties attending the ijB-defi|jjition of a wordf are 
illustrated by the repugnance felt by many to Mr. Grote’s 
view of the sophists ; a view that conflicted both with prevail¬ 
ing propositions and with feelings of dislike. A regai’d to 
truth or to just^de may necessitate our violently interfering 
with a received usage. « 

^ From^the strong tendency to associate the word ‘ pleasure * 
withifhe gratifications that bord^^r on vice, ethical theorists 
are hampered in using it to express the natural and legitimate 
end of human pursuit. They have to sub^tftfite for it, happi¬ 
ness, well-being, *or other words of more fepble import as 
regardsd;he zest and enjoyment of life. 

Mr. Mill adverts to cases where he thinks it might be a 
•great misfortune to banish entirely the former meanings of 
wovds; inasmuch as the operation may involve* the unfair 
predominance of a one-sided theory on^some important ques¬ 
tions. He supposes the temporary piidvalence of a selfish, 
theory of virtue, the consequence ^of which plight be that the 
word^Wirtue ’ would cease to connote disinterested coudaot, 
and the very idea of such being dr.opt, the practice might 
degenerate accordingly. The remark, however, has no appli¬ 
cation to the words of obsolete physical theories, asepicyole,’ 

‘ phlogiston,* ‘ vis viva^ ’ or to names th^; distort find confuse the 
phenomena*expre8s^d by them, as free-will and necessity, or 
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to the names of infelicitous olasslticationSi superseded by- 
better. And in those q^anges of meaning ada^Aed to the pro¬ 
gress of science, as^with the words ^It^cid, it is* expedient 
to drop entirely the earllfer significations. 

% The secofld Requisite of language is, that there should 
be nd importaut-meiiiifing without its word, 
rhis involves (i.) a Desgriptive Terminology. 

*lt is essAitial that wo should be able to describe with acdhr- 
acy ail individual facts and observations; consequently names 
inust be devised for all the known qualities of things whether 
physical or mental, and also modes of signifying differences of 
degree whenever Ifiegreo is taken into account. To describe 
the diamond, we need such nqmes as crystal, refracting jjfower, 
specific gi-fwi^, hardness; and a numerical scaleJfor stating 
the amount or degree of qpch property. Separate names are 
required for all our ultimate feelings and sensations. 

A^rogai’ds the Olfject World, the fundamental experiences 
are the muscular states called Resistance and Motion, apd the 
Sensations—which, in,the«order of tbbir objectivity, are Sight,^ 
Toifth, Hearing, Tajte, Sivell, Organic Sensations. 

The property called lleiiistance has other names; as {’oroe,* 
Inertia, Momentum. Gravity is a mode of the same property. 
The only farther requisite is a.|cale of Degree, which, in this 
instance, is given by the one perfect metfitd—Arithmetical 
numbei^!. 

On the experience of raovoment, aided by sense, is gr^und^d 
the object property called. Motion^ in all its varietiesq alsb 
Space, Extension or Magnitude, ajid Form. The varieties of 
motion aro qiiicV ^d slow, regular and irregular, of thiS or, that 
form, and so qp. Names are ^iven to all the modes, and for 
most, there are numerical estimates of degree. The Same re¬ 
marks apply to Space or Magnitude* which is pre-eminently 
open to arithmetical statement. • 

Form is a property subject to great variations, g,nd nafhes 
have to be found accordingly. The simple forms of Geometry 
—as line, straight, 'angular, curved, circle, triangle, sphere, 
cone, «^c., are onp departmunt. The objects of nature and art 
have* many others besides—heaft-shaped, egg-sliape4,*pear- 
shaped. , , . 

The language of Botany is most exigent of designaWbns of 
foi^pi. ,* ’ • • 

Colmr has been exjlressed by assuming a certain lyi-mber 
of primary colours, and treating the rest as shaffes of these. 

. 12 
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Thus, we have many different greens, blues, reds, yellows, 
greys; often qbaratJtemed in the manner above described by 
quoting dbjects thjat 61femplify them, sky blue, ultra-marine 
bluef qpple gr^pn, blood red, French-grey. These names, 
however, do not define the colours; they 4^? not from two 
simple ideas enable us to conceive a compound without^refer- 
ence^to the actual thing, they merely maik a sp'eoies as distinct 
from other species. - ^ 

<^ro make colour as far as possible a precise character' in 
Mineralogy, there is'a classified list, introduced by Werner, 
giving a name to every impuiitant variety of mineral colour^. 
Eight colours are chosen as fundamental, white, grey, black, 
blue, green, yellow, red, and brown, and Under each of those 
is arrayed a list of shades. Thus, under ‘ blue ’ are enumer¬ 
ated,—blackish-blue, azure-blue, violet-blue, lavender-blue, 
plum-blue,* berlin-bluo, malt;blaej. duck-hlue, indigo-blue, 
sky-blue; ton varieties. Similarly For the others ; the number 
of shades being in some cases greater, im others less. 

For the Scientific description of the outer or object world, 
thfe most cdfeential properties are, Majjnitude, Form, Move- 
^ment, Resistance (including all Jbe mpdes of Force),-and 
Colour. Next to these in itnporhuice are Sounds, which also 
poboss a tonninology. The musical notes can bo given 
numerically and symbolicallyall other varieties of sounds 
must be design^ited by distinct names, as melodious, har¬ 
monious, silvery, sweet, soft, harsh, grating, voluminous, 
silvery, woodeu—names requisite alike in practical life, in 
icienyB and in poetry. In the diagnosis of the chest, there 
are characteristic sounds, which receive appropriate names. 

Touoh proper js cognizant yf roughue.s| and smoothness ; 
in combination vAth muscular feeling, it gives ^hardness, soft¬ 
ness, and elasticity (within limils). The hardness of minerals 
traikscends touch ; the htlrder body scratches the softer ; and 
^ scale of hardness is formed upon this test. Tlie pulse" is 
estimated by touch proper,^ind Decides the number of beats, 
names are applied to signity its tactile modes—as teeble. firm, 
wiry, steady. ' 

Tastes and Odours are provided ^vith names. After indicat¬ 
ing ^le mJi-e general modes—sweet, bitter, pungent, we 
desceu’d to the marked individualities, which a^e named chiefly 
(accoij^ing to the most usual device for supplying terminology) 
from the substances where • they are most mai'i^ed — apid, 
alkaline, sooty, game, spirituons, oijy .tastes*, garlic, spice, 
earth;^. 
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The Organic Sematiom —Acute^paius, Respirator/ feelings, 
Heat and Cold, Dlgestife feelings, have fl(^^on:^enclat•u^o, 
partly usefi>l in eve^y day life, and still store extensively in; 
volved in the medical^art. . 

Althoi^h the*6ensa4ions have all an object neference, they 
yet each coutait^subjective elements, becoming more* and jjiore 
prominent as ,we recede from •sight and touch; and being 
alijiost the whole i» the organic sensibilities. Hence their 
designations are part of the subjeoti^e vocabulary, or the. 
yocabulary of Mind proper. This is completed by a sej^ies of 
designations for the Special Emotions j for the Will in its 
various aspects—mcluding desires, appetites, deliberation, 
resolution, belief; and for the Intelleotu^ processes—idea, 
memory, reason, imagination^ association, agreement. 

8. II. There is demanded next a name for ev«ry general 
notion, or distinct product of'generalization. 

The previous demand is limited to the moans of describing 
every fact belonging to either the object or the subject world. 
The present relates morc.particularly to general notions/or 
geniralities. But |houg^^ the two ends are different, .the 
means are in great part the same. All the names ^f the' 
Terminology are general names ; they moan qualities in 
general, although by their co;nbination they can specify and 
individualize. Resistance, Form, Coloui^,, Sound, Taste, 
are general; and their more specific modes heavy, round, blue, 
melodious, sweet, are also general. So that the Terminology 
already contains a provision for expressing numerous results 
of the generalizing operation. 

Still, the ainf A^w propounded is so far, distinct from fho 
other, and may require to be separately cohsidored and pro¬ 
vided. The results of genoral&atiou are of two kinds-^classos 
in the concrete, the subject-matter of*the concrete sciencesf and 
qu'alities in the abstract, which are the characteristic subject-^ 
matter of the fundamentalfioieuce|—Mathemalics, PIiysic.s,sfcc. 
The names for the firgt department are not provided for under 
'Terminology ; thus, tjuartz, gold, oak, rose, fish, nianiiual, aw! 
radically distinct from har^ yollow, fragrant, warm—the one 
group comprises* class names, the other the qualifying and 
descriptive adjectives. 

The Terminology coincides much move nearly wkPh the 
naqms useji in the general sciences ; the notions of Mathema¬ 
tics, and of Chremisti;^'^apavt, from the names of the concrete 
substances, gold, &c.), are all moro or. less a ^art of the 
• descriptive vocabulary 
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9. It is important that the names of generalities should 
be short., _ 

• The discovery orthe relations of general reasoiring is facili¬ 
tated by the brevity of the designations.# If we had to emjjloy 
a long periphihsis tor distance, square, ^ravit^, body, it wpnld 
bo knpoasible to shape an intelligibte .notiqjp. of tne law of 
gravitation, still less to cornbir^ it with*equally lumbering 
expressions for tangential force, and for*the resistance ot ihe 
•air, in censidoring prejectiles. The advantages of methods of 
abbreviation are illustrated ^ the mathematical device qf 
temporarily Substituting, for a long formula that has to be 
iredted as a whol^ a single letter, a; whiq[i relieves the mind 
of what would be a cumbrous impediment. 

De Iforgan, with reference to tlTe Differential Calculus, to avoid 
the tedioui repetition of ‘ a quantity which diminishes without 
limit when A x diminishes without Mmit,’ coined the word com- 
minumt. 

An important enquiry is started by 'Mr. Mill (Book IV., 
CUap» VI.),^ namely, on what occasions we may safely use 
• language as mere syiilbols, like*the. symbols of Algebra. 
, Now, the answer to this question ie obtained from the nature 
of such symbols; they are signs of operation, adjusted by 
careful verification, so that no error can creep in if the rules 
are adhered to ; ;^vhile the operations are all the more easily 
and rapidly perffjrmed that the things themselves are entirely 
kept out of view. On the other hand, in dealing with general 
^ifiineo, class names, and terminology, we have to keep up a 
consfaiit reference to the concrete things, as the only way of 
^preventing us from incorrfct assertions. After a proposition 
liastmce been ca^pfully verified, as ‘ Knowledge is founded on 
Agreement and Difference,’ w© seem to be uiider no farther 
necessity of relerriug tg, the concrete particulars ; which is 
tru^ only until we begin to apply it. The Formal Logic 
•shows us exactly how fur, in matters of general reasoning, wo 
may uao language as mere dymbolEf; being to a certain extent 
aitalogous to Mathematics, although ai’Mvin^ far short of that 
science in the possibility of working aloof from all concrete 
meanings (See Appendix B.) * 

Itf *lii devising new^ g*eneral names, recourse may be 
had <njtlier to our language, or to fofeign laifguages. Each 
alternative has its advantages and disadvantages. 

The advantage of deriving from oupqwn language is being 
easily undft’stood the disadvantage is the presence of mis- 
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loading associations. ‘ Damp ’ would not be a good word to' 
apply to the gaseous foryi of watery ‘ vapour ’ ijypreferable as 
being devoid of ina^ropriate conneii^ns. •ReicheU' 

bach conceived that he h*d discovered an entirely new li)roo. 
in nature, he cc^ed B word not belonging to any Iffnguttge 

* odyl.^ The generalization of Graham, cornpreliending sub¬ 
stances of a gludy* or«vi8cid na\^re, with flint, and niinarals 
cff the glassy (^pe (showing*the conchoidol fracture) is ex¬ 
pressed by ifce terra ‘"colloid * (koXXi} glue); the English teign 
being too exclusively confined to the viscid character. • 
‘ Inertia ’ is a useful word, althqpgh it demands to be gaarde<f 
against the too exclusive suggestion of passive .resistance. 

, 11. The mere iiiiproveinents of glassification may re¬ 

quire new terms. 

This is the case with Graham’s Colloids and Crystalloids, 
which arranged previou.sly known substances into a new 
diehotumy, or contrast, founded on an extensive and important 
community of attributes. The improved classkications of 
minerals, plants, and animais, requireinew terms,•nionocOtyk)- 
don,•perianth, inflorescence, mammalia, infusoria, &>c. Owhig* 
tu the impc'rfection of Ihc contrast ‘ mind and matter,’ • 
psychologists have introduced the terms ‘subject’ and ‘Object’ 
as exhibiting the antithesis in greater purity. 

12. By adapting old mimes, we may be often saved from 
a new coinage. 

The creation of now terms is sometimes wanton ahd jieefli 
less. When there is no new meaning, no fresh product ol' 
generalization, the adding of new*torm.s is not justified upon 
slight pretexts. Slpart from increasing tlbo already Targe 
burden of language, there is the more serious evil of,leading 
people to suppose that there is a ifew meaning. Sonje of 
Kant’s innovations in language are obnoxious to this criticism.^ 
His ‘analytic’ and ‘synthetic’ judgments ‘a priori’ and ‘8 
posteriori ’ have some advantages as synonyms, but the mean- 
-Tugs had been already expressed. • 

* A little management ma^ often get over the insufficiency of 
the existing nanaes. The evil tQ be complained* of isjjiliat a 
popular name does not exactly 8qu§.re with a scientifid mean¬ 
ing ; thus the words, force, resistance, motion, afiinity.^associ- 
atipn, are adopted ihto science; while<the popular significations, 
80 far from suggesti/ig, are various points in conflict with 
the soient^fle meanings. Even in such circunstanc^s, t^ 
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adherence to the popular words may tie a less evil than new 
coinfigt'S. precautiorife accompanying the use of old 

names are^thes^^^^^ ^ 

• (1* The worths may, at the outset^ be defined according ta 
their se*n*se in the particular science! Thus, th|| mathematiaian 
defines a point* a line, a square, a cone,"a spiral; the 4 )h^si-cist 
defines inertia, force, velocity, attraction, "l^uid, lever, air, 
heat, *te. 

I’he clieinist defines element, compound, affiniiy, solutihn, 
Meconipi)«ition. The* botanist gives the name ‘ fruit ’ to all 
seed-vessels. The biologist deques life, respiration, digestion. 
Tlie psychologist defin(!s sensation, idea, memory, association, 
reason, emotion, gontimont, passion, conseieiice; all which 
terms»are liable to the teose and uncertain meanings of com¬ 
mon speech. The political phiroaopher defijies government, 
nation, lav'f, order, progress. These various* terms being 
coiisisteully used, in accordance with the several definitions, 
they are known t(\ possess tho significaticvis indicated, and no 
others, witliin the sphere of their respective sciences. 

Thfe plan Was followcdin framin^the language of Geometry. 
•Nahies were usurped from common *sgeech, and used in 
•peculiar senses defined at the beginning of Geometrical ti-ea- 
ti.ses. * Thus a ‘ spliere ' (a(f)uipa), was originally a playing 
ball, a ‘ trapezium ’ a table ; but, the scientific 

sense being denned at the, Cutset, and rigidly adhered to 
throughout the demonstrations, there was no dangeivof con¬ 
fusion between the popular meaning of the words and the 
muth^t'lnftical. 

(2; We may employ, in science,' the precaution required in 
^composition, with^referened to names having plural meanings, 
whicli ai'o abundant in all languages ; namely, so to place and 
tenoo each word as to keep bftck all tho meanings not iu- 
teiid/id. The word ‘ moiTil’ has various distinct significations ; 
,yet the use of it in any one place may be such as to admit 
only one. When we speak ^f ‘ mbi;al suasion,’ we«.exGlude the 
meaning of right and wrong, and indicate only ‘mental’ as 
opfiosed to physical. ‘ The morality of \he act was question¬ 
able,’ shows tliat moral rightness is intended. 

(8)^ The iK'vice of stating the contrary of a term has been 
seen to'bo highly efi'ectual, in saving ambiguity. ‘ Reason and 
not pi^ssioii prevailed’ indicates that ‘ ‘ reason ’ is intended in 
the peculiar .sense of ‘ motivearesulting from rational calcula¬ 
tion of tho future,’ , 

.13. III. 4u addition to a Terminology, and names for 
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all important Goneralitics, there arc names adapted for tha' 
purposes of Claseifica^iou. 

This is Mr. Mill’s third class under the Second Requisite of 
a Rhilosophicalg^Langunge? It refers more espociafly to the 
de\^iqp o4' double namii^ (the invention of Linrfroiis) employed 
with the lowesiflfinds, or Species in Botany and in Zoology— 
* Ranuncnlus drvonsis,’ ‘ Hiwido medicinalis.’ In all the higher 
grades—tl#i> Classes, Orders, and Genera—single names ^re 
used ; hut since the nnmber of the objects increases as we 
Mescend, while in Botany and jn Zoology, the lowest kkids or 
species amount to many thousands, an fibbreviffting device is ' 
employed, namely^ to retain the rifimo of tlip genus, and desig¬ 
nate the species by a qualifying adjective—‘ Orchis nm^ulata.’ 
The saving of language is* not the only advar\tago of the « 
donbk-name * there is the additional effect of iufparting the 
kpowleilgo of the genus ftint the species belongs to, and also 
the mark or chnrncU^r dividing it from tlie other species 
the same genus. Tims, a name so made up gives the place of 
the species in the classification, so fcir as effected by stating 
thefcgenus. The operation could have been carried farthef, 8(f 
as to include the Family or the Natural Order ; thus the‘com, 
mon daisy would bo ‘ Compositaa bellis poreimis.’ Bfit this 
would be held too bnrdcnsonie. 

Under the same head is included the •Rouble naming in 
Chemietry—sulphate of potash, or potassic sulphate. These 
designations, however, although serving to impart information 
respecting the anhstances named, arc formed upon jf jujancijile 
quite different from that above explaiurd with reference to the 
Natural Histeflry* sciences. Thoyiaelong to tho special peculi¬ 
arity of the scioneb of Chemistry—the distinction of subsfances 
into Simple and Compound,*and of Compounds intc^ different 
modes and dogi’ees of union ; and •hi the case of compounds, 
they indicate the supposed elements and manner of composi¬ 
tion ; ‘ pretoxide of iron,’ Istate^ that the substance nan^d is 
compounded of oxygen (in a certain measure) and fron. There ' 
is scarcely moro'thf^n an analogy between this class of highly 
.significant names am’ the^donble names of Botanical species. 

Double naming has not beqp admitted into Mineralogy. 
Professor Nicol remarks that the, science is not yet*ripe for 
the change, 'in poinl of fact, however, Mineralogy js in its 
nature lonre neatly allied to .Chemistry than to Botany or 
Zoology* and the,d|>uble .naming if used would not be for 
species, Ijat for varieties ; thus ‘ magnetic iron ’•would not be . 
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‘ • 

,a proper specific designation ; tiie substance named has A 
cliemical expression, which tvill always be pceferred. 

nak< 5 S may^oe employed, apJirt from any system 
or rqle, in all sulEJects. Thus, in* the Natural Orders of 
Botany,' Vve have* such names as ‘ OompflsitasA * Umbellifer®,* 
which incidenthlly inform us of some of'the charactefs qf the 
families named. So, the namqp of the*'oi5ders<)f Birds are all 
expressive of some leading featuro. ’ * * 

W^hewell proposed to reserve the title ** Nomenclature ’ fbr 
the designations that we have now been considering. Linear, 
lanceolate, oval, or oblong, seiTg^tod, dentate, orcreuate leaves, 
are expressions forming part of the terminology of botany, 
while the names ‘ \;iola odorata,’ and ‘ ulex Europceus ’ belong 
to its {nomenclature. 


CMArXER III. , 
CLASSIFICATION. 

1. The Methods of ClassifiQation grow out of its ends. 

I. Tlie sequence of the Descriptive characters should 
follow the order of the properties as expounded lu the 
departiyeiit. 

Confidering that a natural kind or species—mineral, plant, 
or animal—may have ten, twenty, or fifty chai’acfters, great im- 
l)ortance attaches to the method of stating Ihem. When we 
seek for principle to govern this arrangement,' we find it in 
the order of the properties in the general exposition of the 
science or sciences where they are discussed. Mathematical 
pl^op^rties would naturally precede ^physical, physical would 
precede chefnical, and so on. In an organized being, the 
tissues precede the organs ; and some origans precede others 
upon the reasons assigned as governing the scientific arrange- 
m.ent or classification of knowjedge.^ ‘ * 

Every*classifying science has two divisions—one General, 
the other Special. The first or General division explains the 
characters to be nsed in deficrihing the species, and^expounds 
them more or less minutely. Thg second, or Special division 
.*K>xapri8e8 th% detail of the ohiects* ana assigns to, each its 
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share or participation in these characters; tliat is, descr hes 
the objects. , • # 

Thus, in a work oij Mineralogy, th^^enejjpJ^ Diyision com¬ 
prises Crystallography^ or *the Forms of Minerals; the Physical. 
Properties^ as Clqijvag^, FradJture, Hardness, Tenacity, Specific 
Gravity, Optical Properties, Heat, Electricity,* Mj^netism; 
Chemical Properties, a» Chemical composition and re-actjpns. 
^#his dirision is*au abstract of Molecular Physics and Chemis¬ 
try? The S^iecial Division, named Description of Species,^s 
the detailed account of all known minerais, according .to these 
jJroperties. For example, Qua^z is described as possessing a 
certain Crystalline form, a peculiar Cleavage, Frat?ture, &c. 

So in Botany. •The First Division coniprises Structural 
and Morphological Botany, or the parts of the plant gougrally 
—Tissues and Organs—stated on the methodical plan ot pro¬ 
ceeding from the general to the special, the less dependent to 
the more dependent. The* Nutritive Organa have precedence 
of the Reproductive ;.their sub-divisions are taken in the order 
—Root, Stem, Loaves. The Division is completed by the 
functions or Physiology of^the different tissues and organs. • 
T4e Second Division is the Classification and Dcscriptioif of« 
Plants. The complice account of each species then prophrly. 
accords with the order of the exposition of the constftuent 
tissues, organs, and functions, in the First Division. 

In Zoology, the method is sfill the same^^although not so 
thorougiily carried out as in Botany, on account of the greater 
complications. 

Caro should be taken to distinguish ultimate from dtrtyatiV^ 
characters. The Description is fully exhausted by a complete 
enumeration of \Vhat are supposed to be ultimate characters. 
The derivations or*deductions from these, rf given, should be 
given as such. A character iS to be provisionally reoeived as 
ultimate, if it cannot be reduced 'tinder any more general 
character. , 

For example, the support of ^combustion is a denv^ive 
character of oxygen, ^nd does not rank with the jftoperties at 
present held to 'be^tultimate, namely, the specific gravHy, 
the Sjgecific heat, electro-jiegative position, the combining 
power generally.’ 

w 

2. II. Observing the golden rule, we must place to¬ 
gether, in-the things Uiat possess in coiniiftm the 
greatest ifumber of iqjportant attributes. 

At the outset of the present department of Logic—D efi.ni- 
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’tion, it wag necessary to state with regard to the formation of 
classes of things, that prefdl’ence is to^be giyen to such groups 
as contain iu greatest number of important attri¬ 

butes. This auplies to all the modfs of dealing with the Con¬ 
cept or* Notion. The mind sees* obje<yts t<^uiost advantage 
when it ^iows together those that havS the greatesttfiui^ber of 
affinities. • • • 

Itls on this principle that the*vertebrate animals have beeRi 
cUissed according to the leading points Sf their Anatomy %.nd 
‘ Physiology, such as fhe manner of bringing forth their young, 
rather than according to the^lement that they live in (earth, 
water, air), ^be bat flie^ in the air, but has more real affinities 
with quadrupeds,than with birds; the whale, seal, and por¬ 
poise have warm blot)d and suckle their young like land» 
quadrupeds, although living in the sea as fishes. 

The im*^ortanco of the attributes is to a*certain extent 
governed by the end in view. For practical purposes, whsilcs 
are classed with fishes (as in speaking dof the whale fishery)^ 
because their living iu the sea determines the manner of their • 
b^ng caught. So, food plants, espulont roots, fruit trees, are 
• grbups practically important, but do* not coincide with the 
» classifications of botany. 

With a view to theoretical science, whose purpose is to 
assemble iu the smallest bulk, ^.nd in the most intelligible and 
suggestive arrangement, the "greatest amount of knowledge, 
the golden rule must be strictly carried out. Even for practi¬ 
cal ends taken collectively, this is the most useful plan, from 
iHo v^'j^ reason that it does not defer to any one end in parti¬ 
cular. The classifications for practice do not supersede the 
classifications foreknowledge, ^ut are addition* to these ; they • 
occur in the practical or applied departments of information, 
a.s Medicine, Commerce, Law, &c. * 

only in forming gi’oups, but in their juxtaposition in the 
, 0 ')nsecutive arrangement, regard is paid to the amountof affinity. 
Th# Natural Orders of Pla^its aAdiof Animals ase so placed, 
that any tVo lying side by side are more nearly allied than 
uiiy other two that could be fixed upoy; and alterations are 
oimstaiitly suggested to give proxjpiity to the closest alliances. 
Tlins^Mr. Huxley argues irnfavour of au arrangement’uniting 
the Prhhoscidia with the Jtodentia^ rather thamwith the Artio- 
dactyhg and Perissodactyla ; the singular ties* that ally the 
Elephants with the Rodents having been a matter«of comipon 
remark since the days of Cuvier, I , • * 

. 3. tn aitning at a Natural (Classification, that is, one, 



187 


maIimum of affinity. 

• • 

based on the maximum of important agreements, we may 
meet with alliairces on different ^ides, of fiearly equal 
value. 

Eiifferent gro^s m»y touch each other at Tlifferenf 'points, 
and mayiiave equally Strong alliances. Thus, In Botany, the 
natnr^ order SaiaftiacfcSJ if viewed with reference to thopis^iZir, 
^he female side), tfllies itself^with Scrophulariaceae ; if viewed 
witti refere»co to thli stame/is and corolla (the male side), it 
allies directly with Orobanchaccce. 

• Various considerations may2>o brought forward to deter¬ 
mine the choice under such circumstances. .Onb mode is to 
cast groups into jwciroular classification, v^herein the succes¬ 
sion may return to itself. Another mode is an arrangement 
ill two directions, as in a square ; an idea carried still farther, 
although in prtictice scarcely workable, by a cubicftl arrange¬ 
ment. • 

It may, moreover, Jje considered which method would bring 
abouf the maximum of alliance on the whole, o» with refer¬ 
ence to the entire classification frogi first to last. ’ In the 
seauih after this maxfmum, we may have to be content with* 
occasional juxta-posftions 5f inferior degrees of resemblanfte. • 

Yet farther, we may make provision for double placfhgs of 
the same group, with a view to comparing it on all sides with 
its congeners. 

4. Iff Zoology, the most natural classification, on the 
whole, corresponds very nearly with a serial orden g,ccoi:d- 
ing to the tlegree of development of Animal Life, anti ibda 
facilitates the, discovery of la\v« by the Method of Con¬ 
comitant Variatijfns. 

• * ^ 

The great divisions of Invertebrate and Vertebrate, and the 
sqjj-divisions of each, represent a ^hadual rise in tl>e scale of 
being. The Radiata, as a whole, are lower than the Artici^ 
lata; the Bishes are the lowest, t^d the Mammalia the higphest 
class of the vertebrate type. There are deviations from this 
gradual rise in • oi^anization. The jisln, named amphioxas 
lancenlatua is surpassed ii^ complexity of structure by many 
inseots and molluscs. • * • 

For plants, the methpd is much more qualified. T&ere is a 
wide interval between the lowest Fungi or Sea-weed8,/ind the 
DjpotyledjJuous Natural Orders, but there is no line of steady 
progression. The McHiocotyiedons are not throughout of an 
inferior grade to the Dicotyledons, nor. is ther# a gradation 
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among the Natural Orders of either division. The application 
of the method of concomitant variations is still possible, al¬ 
though greatly iijjiiited. " It can be seen that the absence of 
the uiflorescence in the inferior plajts is conjoined with the 
cellular* structure, which is the sowesu orgf^nization of . the 
tissue of the plant, ‘ ^ ^ 

The serial order would apply to alf hinds jf objects where 
there‘is a progress or development, and wlioro the property 
developed has a commanding importanca Thus,, Social In- 
•stitutions, as Governments, may be classed according as they 
approach to the most perfect type. 

The Races^of Men, viewed with reference to mental endow- 
morit, lie in an ascending scale, with such occasional exceptiozLJ 
as thq, possessing of some one faculty in a higher grade by a 
race inferior on the whole. We'ean thus study the concomi¬ 
tant circumstances of superiority and inferiority in mental 
development. 

Civilization in its larger leaps is linear*, but in the minuter 
differences, inot bP. Communities advance in special direc¬ 
tions,’ the progress in Qne line bej^ng often accompanied by 
'-’backwardness in others, from the limitation of the hr,jian 
-energies as a whole. It is true of modern as of ancient civi¬ 
lized peoples, that each has its own peculiar excellencies and 
defects. 

4 

Excudent^dii spirantia mollius rora 
Credo cquidem, vivos ducent de marmore vultus ; 
Orabunt causas melius, coelique meatus 
^Describent radio, et surgentia sidera dicent: 

Tu regere imperio populos, Romane, memento ; 

Hae tibi erunt artes*; pacisque imponCre morem, 
Parcere sutjectis, et debellare superSos. ^ 

6. in. It is an end of classification to save repetition 
in tlfe description of objects; for which end the geiierali,ja- 
tion is made by successive stepi, halting-places, or grades. 

Instead of describing the species ‘elephant’ by all its 
characters,' beginning with extension §,ad materiality, the 
naturalist mentions as specific marks only a small number, and 
refers to the rest by a series Qf names expressing what is com¬ 
mon to'it with other groups. 

Whepevor two or more individuals agree, {he agreement 
may be stated once for all, and only the difference given under 
each. In characterizing the races of we state'first what 
is ooomion to the whole, and next what is special to each 
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taken apart. We might apply the raethof] to any two classes 
that contain agreMiiont^ peculiar tb themselves.* There is no 
natural limit to thetprocess but the ^Mstenjje of Agreements. 
The number-of grades be carried to anj^length, so Jong 
as there is a baiij^ of toinm’linity. The more complicated the 
object^, that is, the more extensive the compass*of tjieir attri¬ 
butes, the farthd!* may tne gradij^tion be carried. The insigni¬ 
ficance of the points in common might be a reason fcft* not 
treating thdhi as resting-points of the gradation. • 

In Botany there are four principal stifges, marking Classes^* 
Families, or Natural Orders, Ggnera, and Species. These are 
maintained throughout; while, as occ{}.sion arises,"intermediate 
grades are constitifted. (See Part First, p.»65). 

In Zoology there is first the grand division of Inveet§brata 
and Vertebha|a. The Invertebrata were divided by Cuvier into 
Rudiata, Articulata, Molli^ca, whose farther subd^isions are 
termed Classes (J[nftisoria^ &c). The Classes contain Families 
or Nffiural Orders, under which are Genera, and under these 
Species. There are thus six regular halting places between 
the individuals and the siypmnm geiuas—Animat. TheVefte- 
bra^ Animals desce^i^ at jne leap to Glasses (Fishos, Reptiles,* 
Birds, Mammalia). The class Fishes undergoes a division* 
into Cartilaginous and Osseous; under which are the Natural 
Orders. The Reptiles, Birds,.and Mammalia are occasionally 
broken up at once into Natural Orders. • , 

The Carrying out of the classificatory arrangement demands 
that by the methods of Definition, the agreements at each 
stage should he thoroughly, ascertained, and fully amf cisHy 
stated. The classification by grades is a useless formality if 
the corresponding characters^are*not given. The clieraical 
division of sijpple bodies into Metals, and* Non-metals is (or 
should be) accompanied wfih the characteristic marks or 
common properties of each class. The farther sub-divisjpn of 
the metals into Noble Metals, &c., is seldom followed up by |i 
rigorous enumeration of alf the ^ints of community; anj the 
only advantage gaingd is the mere proximity of th8 resembling ' 
bodies. The satae^incomplete adoption of the formality ef 
gradeg is found in the cj^ssification of Diseases ; epilepsy, 
chorea, tremor, hysteria—are elassed together* but ^yithout 
the euumcratvin of common characters. * 

6 The»statfem 0 nt, by succegsive gradations, of th^T points 
of comidunity, is suited to^ the discovery of Laws of Con- 
comitauqe 
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In ascertaining whether a property a is uniformly conjoined 
with a profjferty /, the^ is an advantage in being able to 
separate the cases wJi^e a is absent fromPthose where it is pre- 
senti /^his is d§ne in the system of grades. ThuS, by isolating 
the order Ruminantia, we readily dipoove»*the concurrence 
of rumination with cloven hoofs. 

Inhere were any laws of toncomitaflea am^^ng the proper¬ 
ties of the metallic or the non-dletallic Jiodies of Chemistry, 
they would best appear in the study of the groups formed upon 
'special properties. ’Thus, when the metallic substances are 
viewfld together, they readily*disclose any conjunctions with 
metallic peculiarities. So in the non-metallic division, the 
halogens—Chlorine, Iodine, Bromine, Flu<frine, present a nar¬ 
row^ field of conjoined properties. 

7. The Wassificatioiis of Natural objects are understood 
to terminate with.the Species, or lowest Kind; and thus a 
high importance attaches to the defining marks and 
bojtiiidade^of Species. 

« In Botany and in Zoology, the vjew \i^d long prevailedtehat 
•a species was marked oflPby community of descent, while any 
differSnees that might arise between the descendants of a 
common ancestor were regarded as varieties and not as specific 
differences. ^ • 

The doctrine of the absolute fixity of species is noW called 
in question, aL J proofs are oflFered to show that, in the course 
of def^ftelit, d.iercncos called spepific may arise among the 
descendants of a common stock. This leads to a modified 
Statement of the doctrine of species. The’fdct still remains 
that some characters hpve a high degree of‘ constancy or per¬ 
sistence I through successive generations ; while others are 
liablp to change. '* 

^ Wherever a line can be drawn between highly persistent 
aiulfhighly fluctuating characters,'^we may call the first specific 
characters Imd the others more varietiet^ Thus, in numerous 
epdbies, both of plants and animals, colour*" is liable to consider¬ 
able variation within limits. Soothe absolute size of, living 
object! <dter greatly. Also the degree of any qualiiyy or 
endowiAent, as the strength, or sagapity of a;U animal, may 
cbangei^ But the tissues, organs, and structural arrangement 
persist through many successive generations. 

Importance may, nevertheless^ he stCll attached to the fact 
. of the fertility or infertility of the unions of individuals. The 
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horse and fhe ass are fertile for one generation, but the progeu \ 
is incapable of farijlier procreation.* ^ 

In Minerals, the j^oufcdaries of sp'bc'tes arc fixed *80 far 
regards crystallization and chemical composijj^on, aiu^ all the 
consequences of ^hose properties. As regards compounds, not 
chemical,jfvhich may tdke place in all proportions, there can 
be no^xed linesf dltliQu^h ufew^grades may bo assigned •ivith 
y,oubtfiil margins. * • 

in Diseasis, the prfisence of certain fixed characters, sucbwis 
the leading symptoms of Inflammation, of Small-pox, of Gout,' 
offers distinctions that may be ^filled specific. * 

8. In fixing the boundaries of Species, respect may. be 
had to the numbt^ as well as to tjie persistence of the 
characters. 


The Injima ^Species or Ipwest kind, in any of tlie Natural 
Kingdoms, is in certain instances divided from all other species 
by a large number of, properties, known and unknown. The 
characters of the species ‘ horse * are very numerohs of man 
still more so. There canpot bo the «saine extent of specific 
distl^ptious in the inferior animals ; nor in more than a s^all 
number of plants, ^till, Iho existence of as many as |bree,' 
four, or SIX distinguishing marks, all of some importance and 
constancy, would suffice for yaking a species : while the 
hhiitation to one or two might leave a doubtful choice between 
Species nnd Variety. 

Mr. Mill puts the question, are all the classes, in a, ]^atucal 
Classification, Kinds ? He answers, certainly not. ‘ Very few </f 
tlie genera of plants, or oven of the families, can be pronounced 
with certainty t® be Kinds.’ In poiift of fact, the difficulty would 
be to fix on any clasf of the higher grades^ wbofee properties a're w 
numerous as to caiik them with Jifierencos of Kind ''understood in 
Mr. Mill’s perhaps over-stramed langjaago respecting the Injima 
i^pectes). ‘ 

Another question raised by ]^. Mill is the propi ic'ty of Whewcll’rf 
allegation that ‘Natural gnoups anp given by Typc,jmd nof by 
Definition.’ By a Tyne, Whewell meant a well-selected average 
jnember of a olosa, ro^oved alike from all extremes; a concrete 
embodiment of the class, to be used for purposes of identification, 
in preference to any verbal dflfinition. The motive ivas thu exist¬ 
ence f)f (inomalous members of niany gi’oupa in Natural History, 
which neither conform to the verbal definition nor yet diffiy suffi¬ 
ciently from the other members to be excluded from the‘'group. 
We may irfiagine a group formed updh ten characters, but con¬ 
sisting of individuals ^hnt vacillate, some upon one cbarac|er and 
some upon another, while yet agreeing in by far the grtoter nuinbqr. 
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Wc* may evon make the extreme supposition that the vacillation is 
such tliat noV,sirigle cliiiracter of the ten persists in every indi¬ 
vidual ; litnqe, in stiictiiees, there wouM be uo common feature, 
and yet there \voul.ci bo a very largo aj^ounf of resemblance. 

In cofamentin^ on Whewcll’s modp of getting overthe difficulty, 
Mr. Will ro-itoratcs his view of disiinctiops of Jfind, which, when 
fully complied with, can leave no such Tjnccrtij,irity as iff supposed. 
Murbover, he remarks that a < 2 ilass must* possess charaderst that 
these characters cannot bo arbitrary, and must admit of being 
stated, which is tantamount to Definition. ‘ 

' Probtddy WhowollV difficulty might be met by tho allowance of 
a doulitful margin, which hus boon scon to be essential in cases ^f 
continuity faff less complicated than tho demarcations of groups in 
Natural History. • 

Q.^The arrangement of descriptive characters by grades,, 
gives the greatest amount of knowledge in the least com¬ 
pass. Yot, for practical object^, it iiui} Ife desirable to 
bring.together, in consecutive detail, all tlie characteii? of 

a given specie.s. 

♦ » 

•Tile gounn mid spoejes, ‘ Man ’ in tho class mammalia, is 
dcscnlx'd by tho Zoologist, like all'tlio other animals, by giving 
a cfci-tfun number of cbaracters at'each idage—those common 
to Vertebralu Animals, to Mammalia, to Hiniana (of which 
man is tlio sole representative), and finally tho marks peculiar 
to tlie .specioH. ^But tho human anatomist treats Man in the 
pure i.solation, disregarding, except incidentally, his place in 
t^ atmnafed series. So, from the importance of the species 
there is aflurded a similar exhaustive Anatomy. 

Cnmplcfe Monographs of impbrfcant species are not only 
useful lor pracMcal ends; they are also ,the constituent 
matornil.i oi ZoolUtrv, *“ c 

10. EV. The atalemnt of characters p^ceeds, in the 
last resort, upon a close comparison of Agreements and 
Diireivnces. 

from mtaiv of knowledge, ke highest, degree of iutolligi- 

tdlraia^t:r ‘ 


The classification by grades provides for stating Agreement 
A ^.rado whether Class. oVder, or Genus, is dfanfd hTthe 
points of agreement discovered among its 'members ^The 

■ ts™ 

chitroetors.^Horns of a peculiar kind: Hoofs’comp^S” 
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Mamnite two; Chin beardless; region betweeiu the eyes and' 
nostrils convex. • 

-When charactort are stated shortlj', as by diere word 
or phrase, •the tabular £bethod is the most* effective).; las in 
minerals. In Iwgerdescriptions, the headings,at least should 
stand otrt distiac^. T^us, the genus ‘ Poppy ’ is discriminated 
(from the othei^gepeJa of the Poppy Family) on two pjSints; 
•one referring *to th^ capsulb, the other to the flowers. The 
generic agifeements may be presontod to the eye thus :— * 

‘ Capsule^ Globular, ovoid or slightly oblong, crowhed by a 
Circular disk, &c.’ ’ 

* Flowers. In Size, rather large; ki Colour, red, white, (in 
the British specidfe) purplish, or (in some^exotio onesj pale 
yellow.’* ^ ^ 

The greate|t difficulty and nicety belongs to tli^ statement 
of Differences. Only in dichotomies can this bo accomplished 
ta perfection. When a genus has two species, we can put 
thon^ against each otherj according to the plan observed in 
defining by antithesis or contrast (see p. 164). Thus, in the 
genus ‘ Corydalis ’ (of the Furnitor)^ Family), ftiero are two^ 
spCOies (Ypllow and Climbing). Their ditferonces admit ot 
pointed contrast as follows ;— 

Yellow Climbing. 

Sfmn, • 

Short, erect, branched Doug, limbing, slender. 

Flowers. 

Yellow Whitish. 

If on any one part, there are plural contrasts, the presenta¬ 
tion might be varied thus r— 

o. j Sylbrt, erect, branched ^ — bellow 

J Long, climbing, slender — Olimbing, • 

When there are several species/* the preseutation 0 £y|inot 
always be eflectively given in this manner; some may coutait^ 
agreement&w among them^lVes, well as differenoos, which 
would perplex the contrast. We may, however, Occasionally 
-mark off any one*fre|$i all the rest, thus :— “ • 

* Modified from. the following description in bKNf ham's British 

Florid:— • .• 

* Capsulo globular, ovoid or slightly oblqag, crowned by a circular disk, 
upon which the sligmas radiate from the centre, internally divide^ nearly 
to the centrocinto as many incomplete cells as there are stigmas, and open¬ 
ing in as many pores, immediate^ under th*e disk. Flowers rather large, 
red, white, or purplish the British species, or pale yellow pa somie 
exotic ones.'. 

18 
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^lUM POPP\. 


Glabrous 


*Plant. 

Colour. 


Othbb SPEOlBd, 
hairs 


Qlaucous Gk’een 

. ' Leaves. 

Coothed or slightly lobed, •Chioe’or twice 

• • piniiately divided. 

Wo may always select for pointed contrast thettwo classes 
'that are tnost like, and therefore most liable to be confounded. 
ThifiiSdone incidentally(although not with systematic thorough* 
ness) in all* the classigeatory subjects — Minerals, Plants, 
Animals, Diseases. Thus the Silk-cotto» order of Plants 
(Ster^diacece) resembles Malvaceae in their general characters, 
particularly their columnar staAens, but differ in their two- 
celled extrorso anthers. ' xa their propertAs, Capparids 
resemble Crucifers’ (difference nit stated). The genus 
Ilanun’culuB is disUnguislied from Anemone by the want of t\io 
involucre. Jn the Field Poppy, cap^le globular; in the Bong- 
hdhddd floppy, capsule oblong. ^ 

* Ij.. V. It being requisite to a IJatiiral Clas3ification*ithat 

* bodicig be arranged under deep and inaccessible affinities, 
a separate scheme, of an artificial nature, must be provided 
as an Index. 


A classification may accord with the primary rule, and may 
be defective in the means of discovering the place of a given 
The determination of a plant is puzzling to the beginner 
in Botany. Now, it was a merit of the Linneean system 
to make this comparatively easy; and the tf,dvantage was 
'sacrificed in the adoption of a Natural systljn. 

The ideally best classification is one where^be properties 
oompadu to the members»of the several groups are both im¬ 
portant and obvious. Such a combination is at best out 
par^iially realized. Thus, ii^ aninlajs, the important affinities 
are so far fiiternal, being disclosed only on dissection, as those 
referring to the minute points of the l^jkeleton, the nervous 
system, the structure of the viscera, <&c.; and so far external, 
as tl^ form, the external, divisions, the 'integument^ and 
(pirtM the reproductive organs. It is fortunate for Zoology 
tnat t^ese external peculiarities either 5onstitut6 of themselves, 
or are marks of, the important affinities. • Still, they are not 
the whole, and even if they wer^ a scheme must be formed to 
guide *the s^dent in following them out' to the determination 
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of the name and place of the individual. Sac)/ aid haa not 
yet been afibrded'iu Zoology. Yetf«wiibhout it t|fe ^lost con¬ 
summate natural aiVang^ment must be a ^aled book all 
but profioiedts in the ^etailgd knowledge of aftimal epddies. 

Chemistry (With Mineralogy) is in a still worse case. The 
governing princjiple in arranging chemical componnds bping 
their chemical, corap^ition, ^wmoh is indiscoverable by the 
flawed eye, |he deteisnination of a specimen is impracticable 
without an artificial Index. Owing to the groat importance • 
of discriminating substances chemically, in the arts, a method 
is provided, known as Chemical* Testing or anal^is, whereby 
the student, with a limited knowledge of the entire field of 
Chemistry, can yet determine a large number of bodies. 

In Botany, the Index Scheme, or Analytic Key, is ifigbly 
elaborated. 1% consists of tables based upon a snecession of 
properties, there being under each a bracket containing two 
(rarely three or more) alternatives. (See Book V., Botany). 

In a case of equal Importance to Chemistry, thq Diagnosis 
of Disease, an Index classification is still a desideratum. •The 
medical student has no aids to the discrimination of disease • 
shofi/^f an aquaint%nce with diseases generally, after a full , 
study of Pathology. The mode of preparing an Index scheme 
could be readily gathered from the plans pursued in Botany 
and in Chemistry. •• , 

• LOGICAL DIN’ISION. 

12. The rules laid down for Division, as a Logidai^PrO^ 
cess, are rules of Classitifiation, of which Division, in the 
Logical sense, is merely one aspefct. 

There are m^nyways of dividing a whole*or aggregate into 
component parts. A concrete or individual object, as York 
Minster, may be divided into choir, nave, and transepts; into 
mam building and spire ; ipto walls and roof; into the part* 
for public worship and the private apartments. This is dbn- 
crete partition, or disigiemberment. In much the same w^, 
atr ox is divided for Vionsumption. Again, a concrete object* 
is meni^ly divided, or analyzed, into its ahatract elements; we 
may separately attend to the form; the size, the brilliancl^, the 
weight, of the 4i&iuond. .This is Abstraction. When a plurality 
of forces concur to a certain result, they often requirW*to be 
studied in j^paratioh; thus, in nfechabics, we have to compute 
moving power and fricAion apart; in astronomy, the disturb-' 
^ing forces are computed separately, and. then cSmpouuaedL 
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I or, 

This is Analjfeis and also Deduction, or Deductive Combination 
(Soo Indtjcjtio'n, Dedudv^fi Melhod)^ eyid is* one of the most 
familiar oi sdientific operations. * • 3 e 

Ijdgical Division is different fronS. of these modes of 
separating wliples or combinations int<j pavtsf The received 
rnles enable us to judge of its precise.meaiynjr and*coi»pass. 
Tliejf.aro the following :— 

fl) ‘Each of the parts must‘contain^ leas lhan the tiling 
itli^i<Ied.’ ^ * 

(*2) ‘ All the parta*togcther must bo exactly equal to the 
thiug* divide^.’ 

m ‘XI 10 partfl must bt>opposcd,’ that is, ‘mutually exclusive.* 
Uamilton adds f4) ‘ Tlie principle of Division should be an 
actual and essential character of the divided notion ; and the 
division, tljereforo, neither complex nor withou^purpose.’ 

’fheso rules ])oint to an actus^, exhaustive, single-pur¬ 
posed, .and iin])ortant division. Tiie first rule points to an 
aehial division, for unless the parts bo 4ess than the vvhole, 
the whole iff not divitled. Tiie second rule supposes that the 
pa^ts are to I’o exhausted!, so that we njay declare everything 
ctnilainod in the whole to be fou^d in ^oiie or more O(#*tbo 
parts^ There may bo divisions where this is not insisted on. 
The third rule requires that the division shall bo upon ono 
purposo or plan, so that the pjy;ts may be mutually exclusive : 
we divide an anfly into infantry, cavalry, and artillery; or 
into officers, non-commissioned officers, and rank and file; 
but noj. jrilo infantry and commissioned officers. The fourth 
i^^l^^ ifidicates that divisions should not be on trivial or insig- 
uificant characters, as if wc^were to divide an army or a popu¬ 
lation into persons with namq^ of one sy^fable, and persons 
Vith names of mol’e than one syllable. 

The.feal importance of thele rules is witfi reference to- 
Classification; for otlief^ purposes they are idle, and even 
erroneous. When a comprehensive class, as Vertebrata, haa 
to 4)0 sub-classed, wo mus# compiy with the conditions of 
classification generally, or such as we jbserve in the march 
bp ward, from the lower to the higher grades*. The Vertebrata 
are divided ^or sub-classed into Ijishes, Reptiles, Birds, and 
Mamt\^l8; it being obvioua that each sub-class is less, than 
the whole, that all the four sub-classejs aznounji to the whole 
and that each sub-class excludes all the rest. If there were a 
failure on any of these points,* the classification wohld be bgbd; 
tho fipld of the sub-divisions {» supp«snd to -be exactly tha 
field of the futiro gipup ; nothing is to be left out, and nothina 
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counted twice. So in every case of genus ana species. If 
we mean to give all the specie^ we should give them all. 
Moreover, a divisicyi into species, the same tndividvals 
appeared in two species, would confound j;be very idea of 
6 l>ecific distinq^i^^* * were placed among birds, and 

also^nicfig mammals.'\here would be two conflicting principles 
of classifieatioif! * • 

* Division, ief the'logical sense, is thus merely a way of look¬ 
ing at classification \>y grades. Hamilton’s additional rufe— 
that the principle of Division should be Essential and important 
•—is the golden rule alike of defining and of classifying? 

A division, or sub-classification, is. complete when we may ■ 
disjunctively affirm a member of the class as in one or other of 
the parts. * Actions are either good,•bad, or indifieron^’ sup¬ 
poses that Actions may be exhaustively and correctly divided* 
or Bub-classea into good,^ad, and indiffiji’ent; it flbing under¬ 
stood farther that the same action is not both good and bad, 
good and indifferent, or bad and indifferent. 

• A*clas8ification may bo conveniently tested b^ the rales of 
division, especially the thp'd, the viokition of wlrich makes*tho 
Fallacy of Cross-division. Thus, the old classification* of 
division of the Virfues, called the Cardinal Virtues—Justice,* 
Prudence, Courage, Temperance—is vicious ; and the a^cIous- 
noss may bo expressed as either a bad classification or as an 
illogical division ; for Prudence includes thfe^wbole of Temper¬ 
ance, »8 well as all that part of Courage that conduces to 
self-interest. 

The Analysis of a Compound is necessarily exIiHnstiva; 
it is the purpose of analysis to ascertain everything that 
enters into the *^iven combiyatifin. A chemist examines a 
meteoric stone, jwith a view to dctq|rmin^ all the chemical 
elements present. The physiological chemist desires to find 
out all the constituents of blood,yif bile, of gastric jujpe, ot 
flesh, and so on. To such cases, the rules of Division migl^ 
apply, if anything ever turhed u^jon them. • 

The ultimate ana^sis of the Mind, wbetlier in* whole or in * 
^art, might be tested by logical division. Thus, Mind ds*a 
whole is divided into Feeling, Volition, and Intellect; and to 
thisadivision tho* logical tests should apply. Tb^threo^epart- 
ments should exhanst the mind without going beyond*it; and 
they should be matua*l]y exclusive. So in the Intellect, the 
ai^alysis iifto Discrimination or Difference, Agreement or Simi¬ 
larity, and Retentivqmss, professes to be an ultimate analysis ; 
the three inT\ctions ought to contain all that is intellectual and * 
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nothing iqotA ; while each should”contain nothing in Coinnion 
with the oth^two. The^ord enumeration of the Intellectual 

? owei’B—Memory, Conflbption, Abetractioi^ Reason, Judgment, 
magtufi^ion—is^5t a logical divisicfi; it could not be shown 
to be intellect^ all intellect, and ndthin^ but,intellect; while 
the members are not mutually exclnsiyd; memory has gome- 
thing*in common with all the »est. 

13.* Logical Division fails in classifications with undefined' 
hoflndaries. 

Tho rules of Logical Division are inapplicable to classificat 
tions growing Qut of combinition, growth, or development. 
Such are the compounds of chemistry, the offspring of living 
bodies, the development* of human knowledge, the associative 
growtns of the mind. All these products are naturally un¬ 
limited add inexhaustible. Oxides, carbonates, silicates, 
alkalies, ethers, are interminable; flhioir particulars cannot be 
enumerated; no enumeration necessarily takes in the whole! 

In the Hpman Mind, the Senses, or primary elemetfta of 
seDsibility, comply with|he rules of Division. The Emotions, 
«io8t of which are growths or devMoptnents, do not con^ly 
.with it. If any of the emotional states were strictly \iltimate, 
they Would be mutually exclusive; but thei’e are very few 
suen ; Wonder, Fear, and Love, are nearly ultimate, but may 
not bo wholly so* The greaKbulk of the Emotions being 
growths out of common elements, they cannot have n strict 
mutual exclusion; yet they may have distinctive characters, 
apd m|^*be properly viewed as emotional species. Love, Sell’, 
Power, Irascibility, Pleasures of Knowledge, Beauty, Moral 
Feeling—are all well-marked groups of emotions, but they are 
formbd out of conlmon elements, which arei^erceptible to our 
Bolf-consgiousnoss. As *products*of growth or association, they 
have no fixed namber; nt^v occasions would give rise to new 
varieties or species ; and there cannot be a mutual exclusion. 
They are subject to the golden rule of classificatiop, bat they 
do not prosSnt a case for logical division. 

. There is‘a similar inapplicability to th^cl^ssification of the 
Sciences ; these also succeed one another by growth or develop¬ 
ment.^ Chemistry involves l^hysic^, and Biology, Chemistry. 
T^ Natural History sciences—Mineralogy, Botany, Zoofogy, 
Geology—are full of unavoidable cross-divisioiis and double 
entries. In such a soiencue as Materia Medica, thero are many 
doable entries ; the same substance is^t once .stimulant and 
narcotfc. TJie Social Sciences—Politics^ Political Economy, 
jurisprudence—canriot be made mutually exclusive. 



To exhibit the priuciples and xules of Logic in a^new 
aspect; to indicate the fields where these are most needed, 
and where examples are provided With inexhaustiWe ful¬ 
ness,—we sl^all review in order the Theoretical Sciences, 
and some of the leading»Practical Sciences. 


chapter 1 

LOGIC OP MATHBMATIOS. 

• 1. In Mathematics, logicMly viewed,* Jhere is afforded 
the most consummate exemplification of a Formal Deduc-. 
tive Science. , ^ 

The processes of Deduction are seen to advantage in ^iilatlfe- 
maticB. The Definitions, Axioms,^Demonstrations, Symbolical 
language, andVaVous device* for multiplying the relations of 
quantity, the. subject-matter of the «cience, exhibit all the 
machinery for performing Deductive operations of *a. Formal 
u%ture. • 

2. Mathematics treats of Quantity in the Ahstratjt, sh 
far as susceptible of detfnite expression. • < 

^ The first, the deepest, the most fundamental experiencfe ef 
the human mind is Belaticip, or Relativity; this is implicated 
in tjid very nature of consciousness. The doublenq^*’, the 
essential two-sidedness of every cqpscious experience a fyst 
that has no forerunner! Of the differences, contrMt8,«or cor¬ 
relative couples, -starting immediately from this primary 
condition* the.first ^sedifference in Quantity or Degree—the 
distinction of nyrre and less. 
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■ Quantity abhores both to subject and to object, bfit it is not 
always definiV,; *>-^0. none but definite expressions enter into 
Mathematics.. The mc^pt definite form •of quantity is Number, 
or discrete quantity—one, two, three, &o. Continuous or 
unbroken quantify is made definite^niefl^ by its being broken 
artificially and»made numerical. In a few intfftinces^as in the 
geometry of Incommensurables, definite^ relaljons can be ex¬ 
pressed by lines in figures ; siith ja the relation, of the side to_ 
the diagonal of a square. A difficulty of apmetaphyyBical nature 
has long attended tho« mathematical expression of continuous 
quantity m these incommensurable relations. 

' Notions of Mathematics, 

3. An enumeration rf)f the principal Notions occurring 
in Mathematics, prepares us fof ascertaining the character 
of the profJbsitions. ^ * 

Tho chief notion is Nqualily^ with its opposite Inequality* 
This is the prevailing predicate in. Mathematics. Likeness 
(iu^plipating* jinlikeuess) applied to amount or degree gives 
J3(iuality. There may b^likeness inf)thar properties, as sound, 
colour, pleasure ; but, except in quantify, there cannfffc^be 
*lilqualbiy. We can both discriminate and classify, apart from 
Mathematics, but when we declare things equal or unequal, 
we are announcinjj propositionsppurely mathematical. 

In detecting equality, the final appeal is to sense or con- 
■sciousness. For Number, wo identity a succession of beats, 
or .rom^tfecd impressions, as two, or three; this is tho surest 
}\fdginSnt that the human mind can form. For Coiltinuous 
Quantity, we discriminate grades of continu 9 ,nce by the sense 
pi-opor to tho peculiar effect—the eye, the ear, tne touch, &c.: 
the most delicate discrimination,^and tho one* that, if possible, 
all otherl are reduced to. is viftible extension; next in rank 
is the continuance of sound. Euclid's definition of Equality-is 
visible coincidence of extended magnitudes. 

NJimber ig thus seen to be% fundRmontal notion of Mathe- 
maljcs, ^ the science of Quantity. Interrupted sensations, 
of transitions, of consciousness, are vividl/discriminated; and 
by memory '^ye can easily retain a»8mall succession of «these, 
and idftjjtify it with anothei* small succession. Thus, tnreo 
coins seen by the eye, are identified to a certainty, with the 
three tfligors, in respect of the number of interruptions or 
transitions j they are felt to be different from two or from four 
visible transitions. This is numerical ^jaality or inequality. 
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• - - • 

For the higher nnmbers, artilioial aids are requifite to ensure 
certainty of comparison^ but with* sj^oh aids (uafhely, orderly 
groupings) we can •compare number# of any'arntbunt; we 
can identify^one hundre(iiu two different Aggregates'pf•that 
nuinberf and di^imillate dho hundred from niuety-nine. 

Names are given to ^e successive numbers, one, two, three, 
four, nve, &o .; ftt*the»uumber ton. a group is formed, uud we 
atart afresh. This is our decimal system^ to which correspond 
thi designations unilS^ tens^ hundre^^ &o. • 

Addition is the next fundamental ndtion; also Obtained,” 
id the last resort, from the ^nses. When wjp brin^f two 
detached groups or successions from, different places to the 
same place, or into one continuous group or suoces«?ion,* wo 
are said to add; the implicated contrary is to Subtract.^ The 
names whole lyid part refer to the same operation, gnd are ex¬ 
plained by the same expgi^ienoe. Multiplication is merely a 
continued addition, and its obverse is Division. These notions 
are the names of thc.four cardinal processes of the manipula- 
tton of numbers. Helatod to them are the meanings, of sum, 
difference, remainder, faetpr, productf dividend, ‘devisor* qifo- 
tieivt^rirnc number. 

Fraction {versus Integer) grows out of divi.sion ; also the ' 
designations numerator and denominator, common 'ineasure. 
To fractions are applied the cai;^inal operations—addition, &e. 

Decimal is a fractional mode, related to bar decimal enu¬ 
meration. 

Square, cube, square root, cube root, &o., are special jgrowtjis 
or extensions of multiplicai^ou and division respectively r • 
Ratio is tlie statement or implication of how many times one 
number is contS.inqd in another; fho ratio pf three to twjslve 
is four, or one four. We do not always fednee the ratio to 
the lowest terms; we may sjlbak of the ratio of thrde.to six, 
bu^ the comparison of the numbers itfby multiplication or divi¬ 
sion. The expression of ratios takes the form of fractions. • 

Proportion is equality of*ratios p three is to eight^n the pro¬ 
portion of nine to twqpty-four. ^ 

Ratio, Proportibn,>iud Fraction, conduct us to the idea of 
Jncomn^nsurable.^ 

Progression, or series, is a succession of nnmbere acg9rding 
to a fixed law ^ the Arithmetical progression being governed 
by addition, the Geometrical, by multiplication. A progfbssion 
Goidiains Eptrem^s and Means. * 

PermutationsaaA Golhbinations are modes of operating upon 
^ numbers that need not here be explained.. 
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Logarithti^ signifies a still more advanced notion j being the 
name for an*(Sntirely no^l mode of e^resarng the relations of 
nnmbers* which, wh^ unfolded in lahles, greatly reduces 
the 4abpnr of higher operatioril, namely, nwltiplication, 
division, raisipg to powers and ex^ractj^n ofdnots. • 

The foregoing comprise the leadiiigi notions of nfhthematics 
for the initial branch, called pure Arit1!M?ti7., For Concrete* 
or commercial Arithmetic, there dre invo^ycd farther the mopej 
stfindards, the weights and measures, together wifh the adapta- 
*tion of the cardinal processes of proportion and of fractions, to 
commute tht)fe several varietiee of concrete quantity. ^ 

Algebra carries forward all the arithmetical notions to a 
new order of expressions of quantity. TBo detaching of the 
operations from the adtnal nuipbors, by the use of symbols, * 
gives new^ designations. Negative Quantity, Ii^dex, Bxponentf 
Surd, Impossible Quantities. The general theorem for expand- 
ing by powers or roots is the Binomial Theorenu Then follows 
the Equation —Simple, Quadratic, Spc. * , 

The JTottons of Geometry are comprised in ibe Definitions 
of^Euclid^oint, line? straight li«e, yurve line, angle, paral- 
' lufs, sill-face, solid, triangle, quadrangle, polygon, circlnf dhbe, 
sphere, cylinder, cone, &c. 

In ’Trigonometry there are now designations—sine, co^sine, 
tangent, secant, ^ 

In Conic SECmbNS are comprised the figures so named with 
the further designations—eccentricity, focus, directiBx, latus 
n)ctura,j)arameter, abscissa, normal, asymptote. 

• AnAytical Geometry involves cg-ordmates and and da- 
signates a number of curves reserved for analytical handling— 

* cisspid, conchoid^ witch, lemryscata, catepar^, cycloid, invo¬ 
lutes, spirals, &c.* • • , 

The.lrigher Calculus introduces us to the notions—Infinite- 
simyl, Diiierentiahlnteg^l, Limit,Dependent and Independent, 
»Variable. 

^ t 

PropositiorTs of Mathematics. 

' '4. In the logical aspect, these pio|fosilions are leading 
examples of the predicable, called proprkim. Th© predi¬ 
cate fs deducible and demonstrable from the subject. 

Th% Axioms are inductions of concomitant properties. Tn 
all other propositions (excepting those that are in reality d^ni- 
tions), the predicate is dedncibledrom Ibp subject through the 
axioms. Thus, in^ the simple Arithmetical proposition, six 
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times four is twenty four, the*predicate (2t) follo^ta from the 
sabject (6 times 4),by the medium bf the two grebt axioms of 
equality. The prediqate^ are not contaifled in the subjects by 
necessary or immediate implication ; they nfe^mediatq.iiifin- 
euces drawn by ^e he^ of t^o highest generalities ; exempli* 
fying the true nature ot^he proprium. 

Dajinition in Mathematics. 

6. Certaift of the Notions of Mathematics are fundJ- , 
mental and indefinable; the rest are defined by derivajlion 
or Analysis. 

It will bo sufficient to advert to the specialities oonneefed 
*with (1) Arithmetic, and (2) Geometry. ^ 

Definitions of Arithmetic .—We have seen that Number or 
discrete quantify, is a series of intermitted improssi<^s on the 
mind—patches of colour, sounds, &c. This is an ultimato fact; 
language can give no^account of it in any other way than hj 
ca^lin^ each one’s atteutidn to their own experience. As 
regards the numbers then^^elves, exparience must give *U8 U 
few^c^egin with ; the^est may be derived and defined frofn 
these. Unity is an flltiinaEo reference, the abstraction from 
numerous concrete objects, that is, from many single imf)re8- 
sions ; it is contrasted with two, and with the higher succes* 
sions. Wo learn one, two, thr^, four, five, ^c., by repeated 
experiences of the successions so named; the hand is a 
familiar example of five. Wo might go a good way in dis¬ 
tinguishing the successive numbers; but, in point fiPjIacf,* 
when a dozen or thereby is reached, we resort to modes of 
) comparison that^inrply grouped arrsCbgements. 

So much for oijr actual experience pf numbers, which* is 
presupposed in *the attempt to •define them. For tha actual 
purposes of a strict definition, we mutft assume one as inde^n- 
able, that is, as already known. Even this supposes that we , 
know tioo aU least, for, witlidut a contrast with plurality, 4 ve 
cannot possess the meaning of unity. * 

—Before going farther, it is necessary to suppose that vfe* 
understand addition. This js an abstract notion gained from 
many, Concrete experiences of acciimulating objecHs in viass. 
We cannot define it; we must poipt to the operatioh: an 
operation, as already remarked, that makes known subtraction 
likewise; aftd also ivJiole and pavi. To attempt to define any 
of tliese notions is to eacroach upon the ultimate experiences. 
of the mind ; and the futility is shown by the word| empfoyed, 
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‘ aggregatiln,* &c., which are hot more elementary, or more 
simple, tbat^ the notions that they ar^ usect to define. 

Wither knowledgcPoi one, and of addUion^ we.may begin to 
define. The ^west definable nuiftber is then koo ; we may 
define* it by the addition of one hnd dne. .iP^he rest foHow : 
three is two added to one; four is th^ee ai}d one; *five^s four 
and one, and so on. Each mimber is«dofin^le as one added 
to the previous number. Arri’fing at ten, we bring into play 
tlie decimal notation, or the grouping by tens, w^ich gives us 
double* expressions f eleven is ten and one; twelve is eleven 
anyone, and also ten and tw(k! fifteen is fourteen and one, afid 
also ten and five. Wq may be supposed at this stage to make 
use chiefly of the second form, although til ways aware of its 
eqn^alence to the first; sixteen is ten and six; twenty-seven * 
is twenty (two tens) and seven*. ^ 

All th^ other notions of Arithmetic are susceptible of defini¬ 
tion properly so called; they may be derived from the notions 
now given. In logical strictness, there is no need for a farther 
appeal^ to •experience; although ^he actual understanding* of ■ 
Ifho processes is aided by using concrete examples of numbers 
ahd thoir*formatious. ^ •> 

'Definitmis of Oeomalrif .—The (fifficulfies here are far more 
seriflns ; yet the proceeding is the same. We must recognize 
a certain basis of the indefh^able, a resort tt» experience for 
what can bo giyCn only by experience. 

By experience, we become familiar with all the haodes of 
extension, and Icnrn the iiaraes for them. Wo know solid 
iflull^^stirface or area, length, angle, direction, straight, bent, 
curved, parallel, and so on. Wo also know what a Point is, 
in the peculiar acccptatioif of ^ landmark, of ad)lace to measure ■ 
f^o’ra, to begin, k> terminate, or to divide a.length While 
Solid Bulk is the one concrete feet, all the rest are abstractions, 
anj^ we learn to undorstttnd them in that character. We,can 
consider a line, or length, without affirming anything of the 
breadth of the thing discufsed ;* wo can restrict our affirma¬ 
tions to ^lat would bo true under ai^ width, as when we 
■stly a piece of string and a plank are oft^eqftal lengths. By a 
large concrete experience of thie^ nature, we are prepared for 
the more llgorous methode of arranging and stating* thase 
notions in Geometry. . ^ , 

Tcr*advert more particularly to our experience of Lines or 
lengths, abstraction being made of the accompanying breadth 
and thickness. In this one experiencewrapt up inextricably 
a whole grf up of the notions given by the geometer in separa-. 
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tion. In worKing wun rods, with strings, with wires, and' 
other things, we learn, not only length (as greatef*or less), bnt 
also the differenoe hotween straight Add bent,’ oreoked or 
curved; together with direction, angles, paralleUsm. 
Straightness, di|ftctioif, angle, convergence, divergence, and 
parallQ)isnf, however a^ainted in Geometry, are all inter¬ 
mingled in onr primitive concrste experience; and, indeed, 
Ihiy one would He incompletely understood if it did not involve 
all the rest. •We cannot understand the full forae of ‘ straigl«t- 
ness without understanding what is ftieant by direction: 

* direction' would be very iucogiplete without involving the 
meaning of an angle; and the concrete experience of an angle 
gives all that is meant by convergence and divergence, and 
also by the opposite of these—parallelism. « 

All these notions, therefore, have to be assumed as being 
perfectly intelTigible and ^is wholly indefinable. * We can 
assign nothing more .simple or more elementary to define 
til m by. 'file attemjit to detine an ‘ angle ’ only returns 
nfion itsell'; thus, an angle is said to be the inclin«btion of two 
lilies, but ‘inclination ’ is njerely another name fbr anglfi; hs 
welhs^, ‘an angle is a*i ai^le.’* 

Geometry, as well'as Arithmetic, is a Deductive Science. 
Now it is the idea of a deductive science to assume the fewest 
notions possible, and to begin ^ define, or derive, as soon as 
thero bus been laid an adequate foundation ift^the indefinable. 

To make the application to the case in hand. Tho fewest 
elementary notions that we can proceed with may be difl'qr- 
ently stated by different pei;^ons ; bnt one cannot bo far wrong 
in the following :—point or landmark, line or length, stnught, 
as contrasted \fitR^ bent, angi^, sdrfuce, so^^d. The tlir^e— 
line, fitraightne^, angle—are really phgiSes ctf one experience ; 
and, by a gresit stretch of ingdhuity, we might find it'ppssible 
to qondense the three expressions into two, or even into (jne; 
for undoubtedly the line (as carrying with it length) implicates* 

* ' Geometrical definitions are of three kinds: (1) Those which express 
nur primary ideas o^sp^e, such as tho definitions of a straight liDe,*aa 
angle, a jplane, &c. (2) Those which by means of the first class define 

certain jpmple formf, the triangie, the square, and the cirele, from the 
prope^ies of which all calculation of Relative positions and si^rficial 
magnitudes is derived. (3) Definitions of, other forms, ns the ihombu^ 
trapezium, hoxagdn, ellipse, *&c., the properties of which are foun^by the 
application o^theoremn obtained from J;he definitions of the simple forms.’ 
(OimLLis ox.Calcdlxtion, p. 61). 

The last named class «lemplifwwhat are called Deductive Definitions 

(p. 1661. 
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* straightness,* which itself involves its opposite ‘bending,' 
and als6 ‘ dkection and <from direction yve cannot separate 
change os variety of direfition, as exhibited in an ‘ angle.’ Not- 
witli^standing this inevitable mutiial implication, we may 
retain*fhe abovS ennmeration of primary or iijdefinable notions 
—pointf line 6r length, straight (with iDent), angls, s&r/ace, solid 
(it lyonld be a vain refinemeipt to treat ‘ surO^e ’ and ‘ solid! 
as derived from length, or vic» versa). ’Frota these we ar3 
able, by proper analytic definition, to ^ve an aeconnt ot all 
the other geometrical notions. It is requisite, however, to 
unfold the immediate implica|ions of each, and to state whiih 
phase, aspedt, or property shall be put forward, in the subse¬ 
quent demonstraj/ions, as the testing property. 

P^nt.—As stated, this is the same meaning as landmark ; 
for geometric purposes, we hold it as the beginning, division, 
or end, oP length or a line; all which must bd understood by 
actual experience. * 

Zifte or length. —It is impossible to give a definite meaning 
to ‘ line * without at once distingufehing the straight from the 
hent line ; it*is only th%straight li^^e that is synonymous with 

* length.* • The mutually implicated* notions—length ( and 
str&ightness—are absolutely inconfmunidkble by any device of 
langflage; they cannot even be made clearer by discussion. 
Wo may, however, select one feature or aspect as the test to be 
referred to in course of t^e demonstrations, namely, that 

* two straight lines, if made to coincide in two points, will 
coincide wholly,’ will have no interval; all which ideas the 
Jdhrn^r^'bas to bring with him from his own independent 
experience. Another aspect of tlbe straight line, sometimes 
given as its definition, is ‘‘che shortest distximjo between two 
poi&tsthis, however, may be proved by*q)roper demonstra¬ 
tion ; being a corollary to the proposition tha^ two sides of a 
triangle are greater them the third. At the same time, it is 

^sufficiently implicated with our experience of lines to be 
received without proof. , " t *> 

AnyZe.—^This also must be known from experience. We 
must see with our eyes two straight dhjects meeting with a 
greater or less opening. That experience supplements our 
eduction in * direction,’ ^and gives us what is meant by 
‘ divergence ’ and * convergence,* greater or less. There is a 
fartba]^ implication of two lines running side by side, and 
neither diverging cor converging; to tms fact We give .the 
designations * sameness of direction* ^nd parallelism;' all 
incomVnuni^able notions. 
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It may theu \iQ formally proper to describe au angle as two 
straight lines meeting in a point, with greater ot^lcss diver* 
gence. This w merely one way of rererrtng us to' ouif experi¬ 
ence of the fact; and it is«tbought the best *v\(prkabie of 
an angle in the s^jj^seqifhnt references. 

With thei angle, we Cf^ conveniently connect the notion of 

* J)ireoUoD.’ Inaimnolkas all direction is relative, there iiAist 

b# two lines givdh, and the angle they enclose gives the com¬ 
parison of the two directions. Direction being uuderstooit, 
we can define a curve line, as a perpetually changing* direc¬ 
tion ; which is an obverse equival§nt of Euclid’s phrase ‘ a Tine 
of which no part is straight; ’ both expressions’ being proper 
to bo retained. • • 

• Parallels. —These are inevitably undefstood along with»the 
notions already given. As to their formal, or test (^finition, 
Euclid’s originar expression,^* two lines in the same plane, pro- 
ducqd ever so far both ways, and yet not meeting,’ is properly 
a negation of both convergence and divergence, and is suffi- 
•ciefitly* workable, which is ^1 that need be said foi* aoy defi¬ 
nition. , • * . * * 

Plmiq^urface .—This is clparly an incommunicable notiqp. 
It would be superfluotTs to construct it by the help of lines^for, 
while we are learning lines, we are also learning surfaces. 
All that is needed is a convenieq^ testing peculiarity, such as 
tha’t given by Euclid,—* any two points bm«g taken in a 
plane, th^ straight line joining them lies wholly within the 
plane.* The notions * within * and ‘ without * must got 
from our manifold experience of extended bodies. • 

Solid Bulk. —Also incommunicable by any simpler notions. 
Jf we sepm to delfin&^it by combining the notions of * pianos ’ 

* directions,’ &o.|^wo m reality repeat ourselveS; for these very 

notions were attained by a nTass of experiences including 
solid bulk or volume. ** • 

THe elementary notions now enumerated being once obtained 
from experience, the remaining notions of geometry |ire defih- 
ablp by referring to t^ese. No new appeal to the senses ^ 
absolutely required In defining a right angle, a circle, a triangle, 
a square; although we are dconstantly aided by concrete re¬ 
presentations in understanding thefie notions. 

f 

Axioms of Mathematics* 

• • 

6."The Axioms of ^Mathematics should conform to the 
conditions pf an axiom, namely, (1) they should be*real 
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propositions, and (2) they should be underivable from any 
other principles withii^ the science, 

• • • ^ 

axiom is, iu the first place, a^real proposition, and not a 

verbaVor esseulial proposition, ^he axioms are the grqund- 
work of .all the reasonings in the sdience, bat net reasoning 
can be based on merely verljp-l propositions.'. 

In the next place, the axiom should be absolutely fundp- 
mental and underivable within its owL science/. All that is 
characteristic ofthetixiom is surrendered, if we admit deduced 
principles. The axioms ar^ the undeducible grounds of all 
the deductibns. ^ 

'It is not a pi^per account of an axiom to say that it is a 
self-evident projmitionn or a proposition assented to as soon as 
pronounced. This may or majT not be the case. Some axioms 
are self Svident, others not; and many priftciples that are 
self-evident are not to be received as axioms. 

Axioms of Mathematics as a whole. —^ho axioms of Mathe¬ 
matics as aa whole, requisite to b6 given at the threshold of 
Arithmetic,* are at leas|^ these two~‘ Things equal to thesamo 
thing are*equal to one another,’ and ■ The sums of eq^aV? are 
equals.’ These are real propositibns, iiHiuctions from experi¬ 
ence, and undeducible from one another. Whether they are 
sufficient for all purposes, will appear afterwards. Both are 
demanded by processes <Jf Arithmetic. 

Axioms of Geometry. —As it has been the practice to teaoh 
Arithmetic to beginners, not as a reasoned or deductive 
iscieftbd', but as a series of rules given upon authprity, and 
merely confirmed by their actual results, the mathematical 
axioms usually confront the learner for the £rst time at the 
beginning of Geometry, which from early ^es has aspired 
to be^ not merely a body of cerrect rules for measuring mag¬ 
nitude, but a perfect type of deductive reasoning. As thus 
presented, the axioms of all Mathematics aro so mixed up 
with matters belonging to^geoifle^ry iu particular, as to seem 
exclusively geometrical in their bearing; These axioms, made 
fhmiliar to ns by Euclid, have to be ^ried by the two teste 
already laid down. 

In Euolrd’s original text, there occur koehe axioms (or 
oomnion notions Koivai 677 otat). Others have been added by 
modqi'n editors; it is not unu.snal to give fifteen. The two 
first in the enumeration are the two already mentioned as 
unquestionable axioms, conforming to both the criteria. *‘The 
five buicceei^ing are— 
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Qi) If equals be taken f^oin equals, the remaiudors are' 
equal. . 

(4) If equals bo ^^ddbd to unequlil^, the wholes* are on* 
equal. • *. . 

(4) If from uj^^qaala, eqifals be taken, the remainders are 
^ • unequal. 

(*6) Doubles of *the #iame are tqnal, 

I (7) Halves df the same ar<r equal. 

Jow, these are all feal propositions, and therefore not dis¬ 
qualified by the first condition ; but as th%y are all veiy easily * 
deducible from the two first, 4l^ey fail to comply with* the 
second condition. They are not axi<vns proper, but deduc¬ 
tions or corollaries from axioms, and should be demonstrated. 
If we are to call them axioms, there is*nothing to prevej^t us 
from calling any real propo.4ition whatever an axiom. It 
violates the very essence, the first demand, of a deductive 
BciQuce to take for grautea without proof whatever can be 
proved from another principle within the science. 

•The*eighth axiom, ‘ Things that coincide, or have the same 
boundary, are ecjual,’ violaljps the firstvtest of an tkxiooi ;*itl8 
not A Tjjjal proposition. But a definition of equality. ‘ Coinci’d- ‘ 
ing ’ and ‘ being equal ’ are*not two facts but the same fact in 
two statements of language, the one being given as the explor- 
nation of the other. Equality as applied to extended magni¬ 
tude is coincidence to the senses ; to prove e^iiality we prove 
coincidence. Of Equality no definition can be given in tho 
last resort; it is the feeling of similarity or identity as applied 
to quantity. But in dealing with the special kind of qumtity* 
considered in geometry, there is a convenience in specifying 
the test of equaMty* belonging tq thd case—namely, the visible 
coincidence of the ,t)oundaries of the tv^o things compared— 
lines or plane figures. The scfpposed axiom is theretbre the 
geometrical statement and adaptaUon*of the fundamental ^nd 
indefinable notion of equality. • 

The ninth«axiom is ‘ Thii*wholp is greater than its part.’ 
This also violates the first test; it is not a real proposition ; 
the predicate is not vifierent from the subject. It is a pro-* 
perty implicated in the cpmmon fundamental notion that 
givesaa* meamug*to addition, mhtraction, whole,'part. « The 
concrete experience implied by all these words is one and the 
same experience, and in it is implicated the fact that what we 
call.a 8um iS greater than any one of the amounts summed 
up ; or what we call ^ %ohole is greater than any of the parts. 
We could not possess the notion of whole and part without 
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■possessing the fact that the whole* is a larger magnitude than 
the part. It',* therefore, tj|efe be any necessity for distinctly 
announcing this pecuWar aspect of Ae ,great fundamental 
notion of a<i(Z»<tojj,*it should be given as one of fciie forms of 
expressing the notion of Addition,* whet! thf\/^ notion is first 
introduced at the threshold of Arithine/ic. 

The tenth axiom, ‘ All rightrfingles are egnrfl ’ is implicated . 
in the*definition of a right angle j and should Ife stated as an« 
appendage to tlmt definition. 

* The eleventh axiom* in Euclid’s text, is a difficult theorem 
propaf-atory to the proposition^ /especting parallel lines. It 
is usualI 3 ' given-in a mfjrlified and simpler form. Thus (by 
Do ‘Morgan)—* 16 a straight line be taken, and a point 
exterior to it; of all the straight lines that can be drawn 
'through the point, one onZy will'be parallel to the first-men¬ 
tioned straight line.’ In whatever form given, it is not an 
axiom, but a proposition doducible from the delinition of par^,!- 
lel lines; in fact, it ought to appear amvng the Theorems ot 
the first boek, unless, indeed, it be'so nearly identified'with 
thtf dotinition T)f paralleltwthat it canjlio j^iven as a mere various 
*wof(Ung or obvious implication of that definition ; yiihwh, 
•however, is hardly tlie case. * 

Emflid’s twelfth (and last) axiom is famous in the History 
of Philosophy ; ‘ Two straight lines cannot enclose a space.’ 
It is not a real .proposition, 5ut merely an iteration of the 
, very fact of afmujhfness. The pro forma definition' of this 
iiidofiimblo notion is ‘ When two lines cannot coincide in two 
ramitfibtvithout coinciding altogethpr, they are called,straight 
lines.’ Now it is a synoiwiiious variety of the expression 
‘ ccnucidiug altogether,’ that t^ere should be ^lo intervening 
spneo. That tJie * 111106 ^ should be ‘stniigfit’ and that they 
should / cncloso a space ’ would bo a contradiction in terms. 
Thii| axiom must, aeeovdltigly, be rejected; the phrase * not 
enclosing a space’ being transferred to the definition* of 
utraigbtneSB, as an emphatii^obvoVao iteration of coinciding 
altogether.^ We might express it thus—‘ When two lines 
oadnot coincide in two points without tMinoiding altogether, 
that is, without excluding an [intervening space, they are 
oalledistraigllt linos.’ « 

In th% modem texts of Euclid, there are added to the list of 
oxiom^such propositions ns the following.—‘ If two things be 
equal, and a third be greater than one of them; it is also 
greater than the other.’ This is clcaily demonsti^able from 
the proper axioms, coupled with the notions of greater and less. 
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More notable the argumentuih § fortiori^ oe^jasionallj im> 
ported into Log^ic, aj^thdagb in it» natai% strictly'mafhematioal. 
If A be grei^r than and B greater thaft^, muol^jxiere is 
A greater than p. E^rery ene readily assents to this principle 
as an indj;iction {rom fScts of their own observing, • If it can¬ 
not 0e deductiwely ij^ferred from the two proper axioAs, it 
‘^will have to be^’eoelved as alphii’d axiom. Probably, however, 
matheraatiqians wonifl bo able to dumonstrate it, if not directly^ 
at least by reductio ad ahsurdum^ from tRose axioms. * 

, Another example of a propofed axiom is the following;— 

* Of all lines that conjoin two points,.there nlnst be one iyitb 
none less; if onlj% one, that is the leiist.’* If there is any 
necessity for enunciating this circifmstauce, it should be , 
given as implicated in our exj)erience of lines; its^opposite is 
a contradictiofl in terms; the very meaning of * least ’ is that 
there can bo nothing less. 

'The bringing forward of axioms at every new stage of 
Geonffetry is wholly at variance with the doducti^ chamcter 
of the science. There nn^y^' be required a class *of, principles, ^ 
int^mediate between l!ie axioms proper and the demoustt'U.ted 
theoreihs; but they fliould uot be confounded with tlio prjrnary ' 
foundations of the science ; they should have a naine distinct 
from ‘ axiom.’ If incouvouieuco were now to arise fium drop¬ 
ping the name in connexion wil^ these prelihMnary principles, 
some emphatic designation should he adopted for the really 
fundamental truths—‘ Axioiiis-iu-chieiV ‘Axioms propp^’ *iu- 
demonstrable ashumjitions,Final Inductions.’ •_ * 

The Postulates. —These are the groundwork of the construc¬ 
tive part of Geometry—the problems, as distingiii.shed from 
the theorems. It.lB Euclid’s plan to carry ^ii, side by side, a 
scries of problems of constructifm and a series of theorems; the 
constructions being required for defltonstrating the tlieorams. 
ThdSe constructions, however, have an independent value foi* 
practical applications; tlia *land« measurer fullovv'i EucHd’s 
n^hod in throwing ^out a perpendicular from the side a 
field. Now, iu constructing, as in demonstrating, something 
must be assumed at the ot^tset; and these assnmptions are 
to be, the fewest 'possible. Accordingly, Euclid starts with 
demanding three operations—drawing a straight Hue from 
one point to another, prolonging a given straight lit^S, and 
describing h circle; in concreHS, he'requires the student to 
have a ruleY and a pa^of compasses.* • 

* *The Fu9tulat«s which are prefixed to Book I. require ue*to admit thfCt 
oertain geometri(»il operation^ may be performed, without respect to,the. 
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It 18 averrtyl that, ia the course ot Euclid’s demonstratious, 
tacit aBBuraptions are qpcisionally made, sudh as should have 
been placed among his axioms. Thus, ii/the fourth proposi¬ 
tion, tbm’e is an* assumption that^^gijre may bb lifted and 
turned upon it«elf without cliauge of fosm. %i8, howevef, is 
part and parcel of that great step, the tery eai^iest to be cnade 
in geometrical proof, whereby^ tjie cou^arisoy of two plane 
figjjres is achieved. As regards the firsif proposition, Mr. Tie 
Morgan, points out two po.stulate8 that should have been 
explicitly given with th(! others; and, for the twelfth, two 
more postulates are necessarJT (Companion to the British 
AliMHnaok, for 1841.0- 

Wie leading hrancltei of Matherrmtics: — Arithmetic. 

8. The dbundatioiis of Arithmetic are tlic two proper 
Axioms of all Matliematics, the Definitions of the funda¬ 
mental operations—Addition, &c., and the Definitions ’of 
the N umb^irs. The Propositions flow deductively •from 
these*Axiome and Defy:utions combined. 

* Axioms being promised, the Operations und^ttod 

'and the Numbers defined, the deduction^r demonstration of 
the Propositions easily follows. 

The Propositions of Arithmetic afiinn or deny the equival¬ 
ence in amount of ^riumher.'^ dijfm'ently aggregated. The follow¬ 
ing are examples. Six and seven ia equal to nine and four, 
to.ten apd throe, &c.; that is, a row of six and a row of seven 
\foaUboe the same total aggregatea row of nine apd a row 
of tour. These are propositions of addition. As there is one 
standard mode of expressing aggregates—tlfe decimal system, 
the arithmetical pfopositions usually take ftie form of stating 
other luofies of aggregation as Equivalent, or not, to a given 
deci*ual aggregation ; nirfe and five i.s fourteen (the decimal 

four). There are corresponding proposi- 
tionft of suljtraction ; nine ta^eu frotn fourteen leaves five. 

wasnor of porforniing them. In fact, they appeal our conception*, and 
for all tho purposes of reasoning might bo expressed thus : 

Any two points may bo conceived to bs joined by a straight line. 

Any •tjirmiiiated straight lino may be conceived to' admit of unlimited 
extension. 

A cinelo may be supposed to have any position for Its centre, and a 
radius of any ma,^nitiuio. ^ 

The following is another p'osfula'te of the same kind, which we shall 
have occasion to refer to hereafter :— • ® , 

A straight lifie passing through an> point may bo conceive^to be paral- 
lel'tu another stn ight line ’ ((Jhallis »in CAiaiWLATioir, pp. 63-4 ) 
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The proof of such propositions is tho application of the\ 
axioms to the dehnitipns of the niimbers as '^ready given : 
the axioms ^re thecnajor premises, the definitions fhe minors. 
Thus, to prove that thr^ and four is sove'nf in other, ^ords, 
that a row of 4liree fqgetlier with a row of fojir is the same 
as atfow*of sevei). )nay proceed as follows :—■* 

By the definiliop, B is 2 + > (or again I+ 1 + 1)-: 

, Hence, 4 -|- d is tjie same as 4 -f 1 -f 1 -f 1- 
Now 4-^1, =5;5+l=:6; and 6 -f- 1 = 7. * ' , 

Tho warrant for thoso substitutions is the law ‘ th*e sums of 
equals are equal,’ applied thuf»:— 

l-+-l-i-l=s3. 

Hence 4 + l-f-l + l(7) = 4 + 3. 

Arithmetical probation thps, at the outset, creeps alang by« 
a unit at a t 4 me; when, in that way, larger leap§ are estab¬ 
lished, the deductions aie much shorter. For example, we 
can construct and commit to memory a table for the addition 
of ©very two numbefrs ufw to ten (2 and 3, 2 and 4, <&o). 

Propositions of multiplication—six times ejjflit .is, forty- 
eight—are a mere exJ;en»on of the process of addition. ,Th^ 
cdlet«ited multipligatiou dablo embodies 144 of tho.se proposi¬ 
tions, and, by implication an equal number of proposi^ious of 
division. 

. Thus, while the alBrmatioi^3 Jind 1 is Jt,' is a verbal pro¬ 
position (being declaratory of the meaning of 4), ‘ 2 and 2 
is four** is a real proposition deduced from the induction ‘ the" 
sums of equals are equal.* This last is sometimeii ^lallod a 
necessafty truth, but it is not necessary in tho sons^.of &n 
identical or impjicated truth ; ^ is true only if tho above 
nxiom be true, (t is sometimes called self-evident, but that 
mer jly meansb tlftit it is very rapidly appreciated ; it is essen¬ 
tially of the same scientific characjter as 16 times *16 is 256, 
which would not bo called self-evident. • 

As there is no limit to J^umbers, so there is no limit to tife 
propositioifs asserting (oifdenyiif)g) the equivalenc# of nuAbers^ 
difierently stated. 

^Algebra. 

9. The vast mechanism of Algpbra rests upon thb funda¬ 
mental axioms of all'Mathematics. It is a great extension 
oj the coftipass of Arithmetic? depending upon using sym¬ 
bols of numbers, signs* of operation, for actual ^umbers 

And actual operations. 
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• ’ Nt) new principles of reasoning or computation *are intro¬ 

duced into Algebra; it8|foandation8 are ^olely the axioms 
common ts all inatheniatics. Its chafac^ristic feature is, in 
the place of actuaV numbers, to employ symbols ijepresenting 
numbers*generalTy ; and, for the aotual operations of additipn,. 
Bubtractiou, nfultiplication, division, tb Uft.e sigm «f opera¬ 
tion, •f-,-, X, - 7 -, &c. , 

Nnnibers are no longer compared by their actual amount,., 
buti»by their inodes of formation. One lAimber is regarded 
{hade up*of others formed in a particular way, shown by the 
signs operation. A number a is given as made up of tho 
sum of b and*c, as 6 -j- cor of the product of 6 and c, a,s be ; 
or oT the square o£ 6, 6*. On this scheme the one number is 
said to be ^functimi of the others; and the science of Algebra 
*i8 said to bo the calculus of Functions. 

The simple functions of numbers are few, being the ex- 
ju’ession of the elementary relationships—addition, subtraction^ 
nmltipfication, division, powers, roots, logarithms, sines. 

Mr. Glittlliij distinguishes between Algebra and the Calculus of 
Fufictfbns He re.stricts ijgebra to the instruinontality and mani- 
^ulhting of* Equations. Algebra is a m^ire highly generalised 
•scheme of symbolical expression than Arithmetic; it rejffesonts 
quanti4ies by letters, a, 6, ac, y, which may have any numerical 
value, the only thing considered being their relationships to one 
another, as sums, dideri'iioes, prj^icts, roots, &c The Calculus of 
Functions is a stiif farther step in the same direction. It uses 

• symbols to show that one quantity has relationships tcT others, 
without condescending on any one form of the relationship; / (as) 
OKpressf 8 that a certain quantity is made up of some modifications 
of £C, without saying what they are. *It operates generally upon 
the form y (x). One lea(iing and important e/,iquiry is to find 
the symbolical expression, when •the variable*!; receives a certain 
increment h, and becomtfs / (a; -j- This giVes Wrth to distinct 
theoremSjCalled Taylor’8 Theorem, Jiaclaurin’s Theoi’em,Lagrange’s 
and Xiuplace’s Theorems, and conducts to the Differential Calculus. 

* If. Algebra shows the equivalence of different opera- 

• tions; aiid*tlrereby gives tte means of resolving the one 

into the other. *; , 

This is to extend the propositions!of Arithmetic. By study¬ 
ing tHb, Alge\)raic forms, wtf find that the square of a '•sum 
(a -{- h) is equivalent to the squares ,of the separate factors 
added *«to twice their product (a® -f- ft® -f- 2 a 6) ; no matter 
what the numbers are. * * ' ' , 

11. 'The i^se of signs of operations teadily leads to ex- 
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pressiona not interpretabl^ into any actual facts ; .and tb'e.’ 
distinctive business of Algobra'i^to define and justify all* 
its combinations. • 

Subtraction in Aj’itl?n^etic cannot be parformedi'Without 
Kornethii^ to ftfbtracfc from; the Algebraic sign —, may bo 
})refifced to a ngiwber if respective of this fact. Not duly so, but 
the imniber bq quiililied Bo formally subjected to dfH the. 
operationsjperforinable upon real numbers. We may suppose 
two negative quantities multiplied togjuther, a process not tp 
be realized in fact. There is a still grejiter deparCur^ from 
possibility in placing a negative quantity under the sign for ; 
extracting the square root, \/ — 1, 1/ — a. 

It is necessary fo qualify the ruleg for flic cardinal opera¬ 
tions of Arithmetic, in their extension to Algebraic quaffititics,* 
by explaininjy the conditions of the use of the sigpis :—to lay 
down and demonstrate tfuch rules a.s ‘ niiuus multiplied by 
plus gives minus ‘ minus multiplied by minus gives plus.’ 
Altliough the demo*nstra«tiou of such rules is a matter for 
logical discussion, we do not enter upon it hSre* Jlajhe- 
luaticians usually satisfy^tberaselves* in all suc^ ceases by 
a^peai to the verifioation ef experience ; to which they append 
borne form of deductive proof. But deductive proofs in such 
matters would never be trusted by themselves, or in the 
absence of verifications. Tli«4% ‘ minus nyiltiplied by minus 
makes,plus,’ is shown by manipulating th6 product of two 
differences as a — by c — d; where it is seen that only by* 
this rule can we obtain a correct re.sult 


V 

12. The highest form of the ^Algebraical problem Is the 

Hesolution of J^quations. , * 

This cuutafVis all the preening processes, and applies them 
in an advantageous manner to disentangle complicated relation¬ 
ships of numbers. • ^ 

In an Equation, two ^expressions known to be equ^] are 
jjlr.ced against one another ; as— 

J.3^4-2tt — Z> = 6aJ — c. 

By applying the fundamental axioms of equality, and a few of 
the ,0(mvenient derivatives*from ^hem (the dififerances o|[ equals 
are equal, equal multiples and equal quotients of equals are 
eqi al, the sqdares, squhre roots, &c., of equals are eq^l), the 
ec^aation may be so manipalated thi\t there may stand, at last, 
on one side, ijie quastity «/whose value is desired), and, on 
the otherf a function made up of a, 6, c, to the exclusidh of x ; 
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strict equality being preserved every step of the transform¬ 
ing operatioAt No logya! difficulties are involved in this 
refined and powerful fnaohinory; while it may be quoted as 
happily ^exemplifying the intervention of the ^axioms and 
derivative propositions of equality. 

Geometry. 

13.* Some of the more difficiilt logical questions arising 
puf of Geometry—those relating to the Definitiohs, Axioms, 
and Poslulates—have been already considered; it remains 
to advert to^he order of topiMs. 

Every science i*eposes alike on Definitioas and on Axioms; 
which accordingly are stated at the outset. Generally speak- 
' ing, the Definitions come first,* the Axioms next. But the 
Axioms of*Geonietry may be supposed already given, as the 
indispensible basis of Arithmetic, and, therefore, need only, to 
be recited along with any corollaries or derivatives especially 
required in J&eonietry. 

It would be advisable^to state firsjt of all the concrete basis 
•of Georaetr^—to give the notions attainable only from concrete 
•experience. These have been already enumerated. To make 
abro^ separation between these ultimate indefinable notions, 
and the proporli’^ definable, the expositor might interpose the 
review of tlie Axjtfms, especially dwelling upon their inductive 
, character, and drawing the line between the fundamental and 
the derivative. At this stage the teacher should allow himself 
the fittest latitude of concrete illustration. 

Ndxt would follow the remaining Definitions in order of 
derivation or dependence. ^ Frequently, coi’olltiries are given 
also *; but these ai a no.t proper, or mediate, inferences; they 
are niere^equivalents of the definition, not to be denied with¬ 
out self-contradiction. Such are, ‘ only one straight line can 
be (frawn between two points;’ ‘all right angles are equal.’ 
Nq mediate inference can becdraWhvfrora a Definition without 
the introduction of an axiom ; a truly deductive process, 
ambunting to a theorem. 

Euclid’s three first propositions are problems or construc¬ 
tions. r The first theorem is the real start of the Geometrical 
cqnoatehation ; namely, tfie fourth proposition^—establishing 
the equp-lity throughout of the two triangles having two sides 
and the included angle equal.' This is the' sole basis of geo¬ 
metrical comparison, the commencing stride that renders pos¬ 
sible all the subsequent assertions as to the equality and 
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inequality of triangles, parallelograms, &c, The proof, of the 
proposition is peculiar; only once a^aki (I. 8) is tbesaiiie opera¬ 
tion made use of; nagiel^, the ideal piac^iii^ of the one triancfle 
upon the othpr. Here, in»fact, we have an ainevitable af^peal 
to experiment tria> in the concrete ; Justus in thd iletini- 
tions §nd the axioms, must take our first lesions, from the 
manipulation of %ctual objects. , Euclid, by his mode of ftat- 
in^ the demon^ration, professedly goes through a process of 
pure deductioii, all thS time that he requires us to conceiveitn 
experimental proof. He appears to be using merely an illus¬ 
tration ill the concrete ; but if hjp readers had not made actual 
experiments of the kind indicated, (^oubtlesa the some ex¬ 
periments as gave the original notions of line, angle and sur¬ 
face) they could not be convinced bv the reasoning in the de¬ 
monstration. * 

If apparentfy a proposition be proved without^appisaliug 
to.an axiom (either directly or indirectly), shows that the 
proposition cannot bp real; the subject and predicate* must 
be id^tical. The proof Vests solely on definitions; but a 
definition by itself cannot advance j^s a stop. • Thd p*’opo- 
.siti^in must, in fact, be a more equivalent of the* notions*of' 
line, angle, surface, ^ualit^—a fact apparent in the operation 
of understanding these notions. It is implicated in the experi¬ 
ence requisite for mastering the indefinable elements of Geo¬ 
metry ; and slionld be rested pifflliy on the baeis of experience.* 

The 6th proposition is what really constitutes Euclid’s first 
demonstration by a genuine process of reasoning. In it, there 
is a leg^imate deduction from the axioms commcft.*to 
mathematics, conjoined with the induction^ falsely cafted a 
demonstration,•given as the 4th •proposition. The axioms 
applied are, the pi;8per axiom, •the sums of Jbquals are eqUal,* 

and the derivative, ‘ the differ^ces of equals are equal.’ 

• 

M. It is the characteristic of elementary Geometry to 
maintain t]^e concrete reference to diagrams, which givei# 
the subject to appearance, bill only to appearance * an 
inductive or expferiijleutal character. 

* I^T’^uallis remarkB, on the Four^ Proposition, tha^the proof rests 
on no previous proposition, and appeals only to the simplest coqraptions 
of space. ' This •proposition fs proved by the principle of superpoaitiont 
neither requiring, nor admitting of, any other direct proof.’ Vcasual 
observation ol Mr. De'Morgan’s is well exemplified by Euclid’s attempt 
to demonstrAte this fundaiwntal aspumption—*the Conversion of identity 
by help of a syllogism is \aasoning tn a drcla.^ 



218 


LOGIC QF mathematics:- 

All. symbolical reasonings a?e liable to mistake. Not to 
speak of tte slips the reasoner hipaself may commit . 
onknowingly, there often a failufe adaptation between 
th^laws of the symbols and the Itfcws of the mjitter they are 
appliecl to. ^or this the remedy is* the ^joustant verifica¬ 
tion of the Vesnlts. Now, in Geometry, an actnfi figure is 
alvvays before the eyes, an(A the efio(^ of’^ery construction 
and* every step of reasoning is judged of'by victual inspection. 
When the direction is given to join tile opposite angles W a 
quadriteteral, there "is apjairent to the glance the division of 
che*fignro into two triangles^ For the most part, Euclid offers 
no other pToi^f of ihi.‘i class of consequences. Sometimes he 
applies the redu^tw ad ahmnlum in such aases, as in the proof 
that the tangent to a circle falls without the circle. 

loi^ as Geometry is di^ussed in the concrete, or by 
naming nries, angles, circles, the mind must dbiiceive them in 
the concrete, which would be impracticable without the help 
of diagrams. In Algebraic Geometry* the concrete form is 
exchanged for numerical equivalents, to be mauipulatetl^ticcos’d-. 
rtig'to the‘laws of operation in^ Arithmetic or Algebra; a 
itctanglo*is no longer a fact of space lJut a product of nuigbers 
or synibol.s ; a curve is an C(|uritioh. TBe student is cautioned 
by Mr. IJc Morgan that, although the names ‘ square ’ and 
_ ‘ cube ’ arc transferred to Algebraic quantities, a^ a*, a®, the 
names mean (different tliiift?^* from geometrical squares dnd 
cubes. • 

^ Algch'aic Geometry/. 

The expression of Geometrical quantities by Algebra, 
while depriving the miii^l of the assistance of the diagrams, 
greatly enlarge* the power «f demonstiiition and inference.' 

CJom^are Euclid’s* 2nd bqpk with the sflme propositions 
algelfi’aicully rendered >*tho one is laborious, the other com- 
pifratively easy. 

^The great device of DescarteBj^for expressing curves alge¬ 
braically *t)y co-ordinates vvihose relation in each case could be 
stated in a formula, opened up a ne^: fi<lld of mathematics. 
The conic sections became comparatively easy ; and curves of 
a stjll higher order that wquld have bafBed'Common geometry 
were‘hxought under investigation. The method was also an 
essef^tial prelude to the tlifl'erential Calculus. ‘ 

16. Algebraic Geometry furnishes specific 'rules foy the 
embodiment and for the inturpretdtjun of- forihulte. The 
rest is piwe algebra. 
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It is easy*to embody a I’ectfngle, iu terms of the sidos; an 
algebraic product i^ sufficient for the| purpose. .Angles may 
be expressed by their j)r(fportion to the oirclo, that is«by their 
subtended ar(^ and also by^thoir sines, tangeats, &c. Cui;ves 
are g^ven by co-ordinates on*the Cartesian plan. The niles of 
embodimenit are afso the'rules of interpretation. 'But. as there 
is frequent dange* bf qyersteppiqg geometrical condition%by 
^gebraical operjitionig, the interpretation must be continiftilly 
verified. M^heraatictfis the slipperiest of sciences; its ane- 
lytical processes are full of pitfalls; but luckily, it is theieasiest 
to keep right by verification. Tl^e arithmetical symbols 0«.nd 
1 are used with a latitude that makes t]|]|cm amWgifous, unless, 
for each case, there is a distinct understanding made and ad¬ 
hered to. 

T/ic Higher Calculus. 

1,7. The representation of coiitiniions quantity, by means 
of numbers, in certain cas^s, fails to give a neat or definite 
result.** 

Coutinnous quantity, as elemplified in lines and ill motions, 
musf be‘supposed to be broken up into equal portions in order 
to be expressed numerically, and thereby to be made* the 
subject of arithmetical computation. In certain instances, the 
division cannot bo made wlthoStm remaindes. Hence arises 
a peculia.;; difficulty. * 

In vulgar frac.ions, first emerges the peculiar case of incom- 
mensurable quantities, that is, quantities that have no ceMmOU, 
measure. * In Geometry, the"side and diagonal of a square*are 
incommcnsurabli; if the side be divided into equal divisions, 
’no matter how mally, these divisions will \Jot apply to tho 
diagonal without a remainder. ^So with*the diameter^nd the 
circumference of a circle. 

• V 

18. The solution of Incoramensnrables, and the acom- 
modation of*numbers to «outin»ou9 quantities generaMy, 
can only be appro^Tmte. A variety of modes have bee^ 
devised, at bottom tlfe same, for working out the approxi¬ 
mation. . 

Mathematicians long struggled to qyade the difficulty before 
acknowledging *the true’character of the solution. Afgreat 
Danger of pbrsons refused to believe, that the diameter and 
oirenmfereube of a cirej# wonld foi- ever remain incommensur¬ 
able. 
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Euclid’s definitioD of proportionals is deservedly admired 
for its ingdhuity in endfavouring to comprise incommensurable 
quantities; ’ but it ft not satisfactory., A competent judge 
(De ,^organ)^emarks, first, the want of obvxpus connexion 
between it and the ordinary wedl-esMblish^jd ideas of propor¬ 
tion ; secondly, its hivolving an idqa of innuity ;• an^ lastly, 
the apparent unlikelihood that any quantises exist capable pf 
satisfying the definition. Th^ difficulties crfn be met only by 
the method of approximation, on whtch is bated the \^hole 
structure of the hi^ier or transcendental analysis. 

The firsjj application of th^ approximate methods was to the 
Quadrature of the circle, as given in Euclid. The process 
there given is •commonly called the method of Exhaustions. 
Th§ gist of the mattet lies in the proposition—‘ A circle being 
given, two similar polygons may be found, the one described 
about the circle the other inscribed within*it, such as shall 
differ by a space Uss than any given space,' These last words 
give the idea running through all the processes, named the 
'I’heory of Limits, Prime and Ultimate Ratios, InfiiAtcsimai 
t5u?intiti|8.* A curvedine can neprev he a straight line, but by 
^jminishmg the arc, the approximation of the two increases, 
until at last we pass not only beyond liny sensible error, bn t 
beyond any error that may bo assigned. Thus an arc may be 
said to be the limit of its clm rd ; the area of a circle may be 
said to be idoefical with atf inscribed, or a described, polygon 
of an infinite number of sides. Now as the polygon consists 
fii a s|>ries of triangles with a common apex in the centre, the 
' uren of the polygon is equal to l^alf the product oL the radius 
and the sum of the bases, or chords ; and by diminishing these 
« chords without^ limit, they l^ecomo identical* with the circum¬ 
ference of the ^rcle, *. 

Thei*method of Exhaustions was applied by Archimedes to 
the quadrature of the ftorabola, and to the solid measurement 
of the cone, sphere, and cylinder; all which give neat solutions, 

expressions in finite temiB. ’T^ie subsequent developments 
were left for modern times, after the discewery of algebra; and 
they advanced as algebra and its ampliations to geometry 
advanced. The Fluxions of Nejvton and the Differential Cal- 
diil€| of Tieibnitz were ihe great algebraic embbdiments. 

. These methods contained a new. order of quantities, called 
FIiAlions (by Newton) and Differential Co-efficients (by Leib¬ 
nitz), formed from ordinary quantities on conside'rations grow¬ 
ing .out of the method of Limits, and resolved bAck again on 
. the same claws. The quantities once created, the operations 
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were treated as pare algebra, and mathematiciaas left tbem to 
be justified by their results, rarely attimptiag to f§ader a rea¬ 
son for the assamptions larking under xhem. ‘Hettoe, such 
attacks upon* the system &s Berkeley's famdhi saroasyo^ that 
the fioxional caloalas Sperafed upon the ghosts, of departed 
quantifies.* The ueglecUto assign the tfue basis of* the cal¬ 
culus, and the t£eatipg*it from fi^t to last as a pure algel^aio 
dhsqmption, culminate^ in Lagrange; against whom Whewell 
and De Mor^n have reclaimed, and have provided the neces¬ 
sary reconciliation of the algebra with tlie conditionsf of the 
various problems to be solved; •showing that approximalion 
and compromise musf' be held as essential to the operation. . 


0HA.PTER II. 

LOGi<3 Op physios. 

1 It has be(3n seen (Introduction) that the branc^i of 
science termed Natural Philosophy oi Physios is divided 
into two parts —-Molar PAysicslfhd Molecut^r Physics. 

The aggregate called Natural Philosophy scarcely admits of 
definition, until separated into distinct departtnents-*-JI/b2»r 
PhysLCft, (# 1 * Motion in Mass,*aud Molecular Physics^ or Mhtion* 
in Molecule. ^ ^ 

Tho Physics of M^^ses, Molatt Physics, iiiciudes the pheno¬ 
mena of Motion atid Force, as belonging *to bodies in the 
aggregate. Such are the phenomenajof planetary raotiens, of 
falliug bodies, rivers, winds, &c. * • 

The Physics of Molecules, JlfeZecwiar Physics, relates to the’ 
motions and forces operatiftg be^^feen particles or tnoleoufes, 
these being of a dtpree of minuteness far beyond the reach of^ 
the human senses. 'The phenomena representing such notions* 
and forces, are the Aggrogtitions into masses; Cqfiesions and 
Adhesions generally ; Heat; Electricity ; Light. Reserva¬ 
tion is made ot the peculiar torm of molecular force, qalled 
Chemical fpree, as having a character and consequences 
peculiar to .itself. 
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^ IvfOLAR PHY'SieS. 

Divisions of the^uhjcct, 

* • t t 

2. The Abstract Branches, compristltfg Motion and 
Force inf general, aiA susceptible of Dedtiitive and Mathe^ 
niatical treatment are these • • 

Maiheniatics of ,]fotion —^Kinematics, 

Forces (l)*in Equilibrio — Statics. 

Forces (2) causing ^Motion— Dynamics, 

The Coi’.crete Brancltes are— 

M(cha7iic*Powerp and Solid Machinery. 

Hydrostatics and Hydro-Dynamics. 

Aerostatics and Pneumatics. 

Acoustics. 

Astronomy, 

m 

yofions of Molar Physics. 

.3. In Fhysics, are pre-supposed ttie Notions (as well as 
tin? Propositions) of Mathematics. Ohly those special to 
the lienee are here reviewed. 

Motion — Rest—'taUis autiJiJwA.io couple is the fundamenhal 
conception of Plfysics, aud is probably an ultimate experience of 
the human inmd. We obtain the idea of Movement by a 
poculigifcemployment of our active energies, assisted by sen- 
satiiyt. Wc also obtain a knowledge of the varieties'of move¬ 
ment—quick, slow, unifoiypa, varying, straigljt, curved, con- 
twmoiis, reciprocating, penckilous, waee-like, &c. The 
modes that depend upon degrpe, or Velociiyj ^re part of the 
ultimate'experience of ny)tiou as such ; those characterized by 
shaj^e or P'orm have a property common to mere extension. 

• Force. —This is without doubt ihe most fundanjental notion 
of t3ie hnmiiu mind ; in the Cirder ojrevolati<m, it couenrs with, 
if it is not prior to, both motion and ext^nspn. It cannot be 
deiined except in the mode peculiar to ultimate notions. The 
feeling that^we have when we oSpend rauscnlar eneurgy, in 
rosistn^g or in caubing movement, is unique and irresolvi^le. 

• Inertia^ Resistance^ Montentuni .—These iiameff designate our 
experience of force from the qbjoctive side,, or as embodied in 
the things of the object world. ,The occasion qf calling forth 
our feeling of energy when referred to ail external fact is Re* 
sistauce, Inertness, Momentum, or External Force—all signi- 
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fying the sa^ie thing. This ^eat fact must be learnt,-in the 
first instance, by eag hone's separate*e;||)erience ; tlRi best mode 
of scientifically expr^siflg it is a matter*for discussion. 

Matter ,is J^xtension, coiipled with Force ac^lnertia.^^Jkny-- 
thing extended ^ud at«the same time possessing^ force, either 
to resist on to impart md^ion is Material/ 

J/asS, Densityy tSolidUyt Q-ro derived notions ; they are •ob- 
toined by putting to’gether Fewee and Extension or Volume. 
Th^ J/ass IS tile collect^e Force of a body, shown by its degree 
of Resistance, and also by the amount 5f Resistance* it can 
overcome when moving at a gi^^eu rate. The Density iB*the 
^degree of space concentration; a givep power o^ resistance, 
with a smaller bulk fir volume, is a greater Density. Solidify, 

, when not signifying the solid state of matter generallj^ as 
opposed to liquid or gas, is andther name for Density. 

Impact is a phenomenon expressed by means of ©pace or 
hixtension, Motion, and Force. It is one mode of imparting 
visible or kinetic energy, and is a teat or measure of Force. 

, JttrttfiUon is definable bj' Extension, Motion, a^id Force, 
it i.s a mode of coniiuunicatiug Force,«distiuct fjpom Impact^ 
and in some respects simpler. Among its specific *exampldh 
are (gravity, Cohesion,<Adhestou, Magnetism, Electrical Attrac¬ 
tion, (Chemical Attraction). * 

Repulsion is definable by reference to the same fundamental 
notions. It also is a mode o^ imparting redistributing 
force, and differs from Attraction only in the way that it 
changes the relative situation of the masses concerned. It is 
exemplified in the Expansive energy of Gases in their orclTiLary 
state, in €he Expansion of *Liquids and Solids from rise* of 
temperature ancUafitcr compression*(called Elasticity). The 
"Polar Forces—Magij(ltism, Electricity, &c.,ex«rcise, along with 
Attraction, a coiTutorpart Repuli^ion. • 

Ey still farther combining these primary notions, we obtain 
— Eqriilibrium, Composition and Resolution, Resultant, Virtual 
V^elocity, Centripetal, Centr if algal, Tangential force, Projectile. 

Ik* Meehan iG.<i bokng Specific Chuvity, Centre of* Gravity, 
Stability, Oscillatio^, Illation, Percussion, Friction, Mechanid 
Power, Machine, Work. 

In Hydrostatics,' occur Liquid,«Liquid Pres.siiVe, Liquid 
Level, Displacement, Flotation, Column of liquid. * 

In Hydro-dyrfamics, Liquid Motions, Efflux, Disch%vge, 
Liquid Wave*. . • 

in^Aerosiaiics ^nd Pnmniatics, Air, Atmosphere, Expansion 
of Gases, Flow of G&es, Undulations, Atmosphqi'ic pres¬ 
sure. 
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In Acoustics^ Sound, Pitcb,* Timber, Vibrations, Noise; 
Note, Efcho,•Harmony. | • 

In Astronomyf Sma, Planet, Satellite, Comet, Aerolite, 
Bolyl, Star, Nebula, Orbit, Ecliptic, ^ear,'Month,pay;, Eclipse, 
Transit* Parall^, Aberration, Right Ascension, Decliaajiion, 
Eccentricity, Node, Ajigide, Perihelion^'Perfcur6ation„Libration, 
Pregession, Nutation, Tides. ^ 

Propositions of *Slolar Physics, 

• 4. Tiiese are of the following classes : —(1) The Induc¬ 

tions of Force and Motion.; (2) I'he Deductive Propria 
asserting tlie quantitative relationships of Motion and 
Force; (3) Etnpirical laws of the concrete phenomena. 

(1^ The great Inductions, oomraonly called the Laws of 
Motion, site the axioms of the science. Thdse will be con¬ 
sidered afterwards. They are all qjhantitative in their expres¬ 
sion. • Another fundamental Induction is the Law of Gravity. 

(2) The^scionce being pro-ernindhtly beductive, its p?oposi- 
tionaare for the most pjirt deductions from the axioms. Such 
are—the propositions of the Cou^position and Resolntiop of 
Motions and B’orcea; the pvopositi^in called the ‘law of Areas 
the principle of the Mechanic Powers; the principles of the 
pendulum ; the law of liquid pressure; the principle that con¬ 
nects tiiiid motion with tiuiii i^pport; the laws of tho propa- 
. gatiou and the reflection of sound. ^ 

All these matters are stated in the form of real propositions, 
jivliic^ however, may be deduced I'rora the axioms or induc¬ 
tions of tho science applied to the*particular cases as scientifi¬ 
cally defined. For exanlple, the law of *001^ pressure is a 
prefposition to thV efiFect. ‘ Af any point ifi a tlnid at rest, the- 
prossurs^is equal in all directic^s;’ the subject'oi the proposi¬ 
tion supposes a fluid at uest, a point taken in it, and considera- 
^tioTi given to the pressure; tho predicate is ‘ equality ih al,li 
directions.’ The proof is deductiye, and ultimately rests on 
the axioms of motion and force, together w?th the definition of 
.fiuidity, although the proximate majors)vre%he propositions of 
the Composition of Forces. 

Si^sidiai^ to the working out of tho science are the propo¬ 
sitions expressing the quantities of'raotion, force, &c., existing^ 
in actual things. Thus, besides the Law of Gravity, we hava 
a statement of the numerical, amount of gravity ai the earth’s 
surface ; also the relative gravities »of different’solids and 
fluidfl! These numerical propositions are called tho data^ 
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oonilants, or eo^ejffieients of tll^ science, and are ascertained bjr 
observation and experiment. * • •* 

(3) There are ccfftaib empirwal lawf obtained by observa¬ 
tion or experiment. Sach are the laws (if,the Str^pgflh of 
jMaterials (to Sjjijie ettent•Deductive), the laws of Friction, 
the ]^otien of Projectiles (partly DiWuctive)* the Flow of 
Rivers, the Spdbting«of Liquide, the Compression of Lijquida 
.and of Gases, tlio Diffusion of Sound, the action of Vibrating 
Strings, (lbc« These ^e all real propositions ; they are in tlfOir 
nature propria^ or deducible from ultimate principles f but, in 
the present state of knowlotlge,jbhey must be gaij^ed by direct 
experiment. • 

i • 

Definitions of Molar Physics^ 

0 . As in Mathematics, so* in Physics, there ve certain 
properties that are ultimate, and incommunicable by lan- 
giKige ; being known by each one's independent experi- 
ence.#^ Nevertheless, it » op(m to us to consider the best 
mode of generalizing and stating thjs experience. ■ 

The facts named Moliou^Force, Matter, are understood qnly 
by our concrete expe'^ience of the thiugs denoted by the names. 
Hut our crude obscirvatiocs may be rectified by more careful 
comparisons, and may be radioed under precise general state¬ 
ments. Moreover, as in Mathli^ri itics, wStmay select the 
aspect nJost suitable as a point of aeparturo for our deductive* 
reasonings. ^ , 

DejiniUon of Motion. —Of.tbe fact of motion no knowledge 
can be imparted; there is nothing simpler to express it by : 

‘ change of plade ’*is not more intelligible thqn ‘ motion.’ ,We 
must assume thikt each one understands ipoticKi both gcnericallj, 
and in its degrees (capable of iiumerical statement) ;*apd also 
in such simpler modes as straight cAr divergent. The i];^ore 
complex movements are then definable. Veheity means degree* 
of motion. cThe only thing*needipg to be expressed forn^ly 
is fEe measure of Motion or Velocity with reference to Space 
and to Time; th(^e last>named elements being presuppoBed*ad 
themselves intelligible. , 

MatterForce^ Inertia. These are three name^for sidistau- 
tially the same^fact. At .the bottom, there is but one'experi¬ 
ence, although varied' in the circumstances, namely, the 
ex{|erience\»f putting forth muscular energy in cansing or in 
resisting fiiovoment. ,*To thib experience we give the ^amee 
Force an^ Matter, which are not two things bui^ one thing} 
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of which Inertia is merely^ anotTier expression. It is pure 
tautology to Stefine one o^these terms by the others ; matter is 
nothing eifcepi as giving the experience caUed also force; force 
is only * 110 veaJed i)y matter moving, <Jr obstructing movement. 

Matter, how.ever, affects us in otfier ^ys tjjfin by the nwis- 
culav feelifig of resistaifce or of expended energy. Itiis a^ays 
exteil|[^ed, and in most cases visible, and als# tangible. Are. 
we not, then, to include these filets in the definition ? No, r 
jind for these reasons;—(1) Extension is not confined *to 
matter; *it belongs also to empty space ; therefore, though a 
predicate of ^11 matter, extension is not the exclusive cbarac- 
terijitic of matter. (2) .Visibility and Tangibility belong to 
many kinds of^iftatter, but not to all mitter; hence, these 
, proposties cannot be ttie defining characters of matter in 
general, or^f all matter; they are to be reserved as properties 
of the kinds of matter wherein they,occur; solids and liquids, 
fpr ex^imple. Accordingly, the only fact occurring in jill 
matter is the fact expressed by resistance, force, or inertia; 
all which aWB names for a single phenomenon. This phefiomc- 
^non, when julTy examined, and generalized to the utmost, has 
two.different aspects, which we ma^ separate in expression, h^t 
'cannot separate in nature ; the one is th^ resistance to move¬ 
ment by bodies, whether at rest or in motion, and the other, 
the imparting of movement or ^omentum by being in motion. ■ 
The first aspectldf resistant is the more popular meaning of 
mertia ; the second aspect, the imparting of movement, is the 
popular^view of force; but in the scientific consideration of 
ttio sjfbject, these are but one property. , 

The definition of Matter and of Inertia, or Inert substance, 
is, therefore, but gne. It genej^alizes our fabaiKar experiences 
of resisting motion and of communicatiag motion, which 
always, cOncur in the same thin^. Fully expressed, it amounts 
to the statement given irf*the First Law of Motion. We are 
vsntitled to lay down as the fundamental or defining attribute 
of matter, jn whose ab8encerfnattSr»is not, that if«once at rest 
it remains at rest, and if oneb in motio^, flkoontinues moving 
in a straight line. To put it from rest ^ motion, moving 
power must be employed; to arrqpt its course, matter, either 
in motion or at rest, must be opposed to’ it. All ‘ this is 
involve'^ in the very meaning of matter, cannot divide 
these *^xpression8, and assign one as the denning mark of 
matter, and the other as a predicate distinct from‘’the defini¬ 
tion, ^ No one has ever succeeded constitutihg a BRtL 
proposition <out of these properties. The appearance of a real 
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proposition coaid be given onljbjc ^saining as t^e meaning of', 
matter the impei^ot ^evr enterkainec^ by the 'unenlightened 
mind (whiob, owiifg to adverse appearances ancT imperfect 
knowledge, ^loes not ^nll^ l^ecognize toe persistence of *nfoving 
meftter), and giving aa the pi'edicate ihe scientifically recti¬ 
fied genetalizatba of matter; bat whra this generalization is 
attained, it is {rholiy "embodiedfin the definition of matiHr; it. 
cannot furnish one ^act as a defining property and reserve 
another as ft predicate. There is a definition of Inertia; tnerp 
is no /aw. , 

Thus, then, the persistence ifi a state of rest oir in a state of 
uniform rectilineal motion, is the mining of Inertia, and of 
Matter in general f in which meaning there*i8 an unavoidable 
implication of active resistanpe, and active communication oft 
motion. Thetdilficulty is to find an expression to aemprehend 
all these aspects of one iadiviaible property. Matter at rest 
operates at one time in dead resistance, at another time in 
using up force by itself passing into motion ; matter in motion 
may resist movement, or it may generate 'm^vbment^; ljut, 
these are not a plurality of properties*; we cannot suppose one^ 
of*them separated ffom the others. The definition employs 
plurality of phrases in order to encompass a unity. • 

Matter and Inertia being thus defined by one stroke, Force 
is merely another reference t»thg same fac^| Inert Matter in 
motion is the most characteristic expression mr aspect of Forces 
and is adopted as its numerical measure; but we cannot ex- * 
elude from the idea the consideration of matter at last. *10 
measuring force by moving* matter, we mean matter traulferred 
from rest to motion, or from one i;pte of motion to a quicker; 
this is force as geiierated. Again, the force is manifested in 
the abatementvof *the motion, in redumng bodies to the state 
of rest; this is force as expeifded. ^ * • 

As there is but one fact underlying Matter, Inertia, Ferce. 
BO there is but one measure.^ A larger quantity of matter, or 
inertia, is the samj^ as a l£(lrger ^fpenditure of force to chftnge 
ihe matter from j^st Ao a given pace of motion. The ultimate 
measure is the muifian oonsciousness of expended energy. 
There a palpaple impropriety in the expression, given as a 
law,-*—‘ The amount of inertia iifcreases with the qaaj[?bity of 
matter;' the pwo properties stated 'are but one fact. 

To sum ^np. Each person b^ their own experience must 
betome acquainted wijh the qonorete* examples of matter and 
force. A comparison of all varieties of the phenomenon re¬ 
veals the tiresence of a common feature, at bottbra one and 
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indivisible, b|it variously manifested as resistance, as a source 
of move!n^nt-~as persjistence in rest qv in uniform rectilineal 
movement. To ^his many-sided unity, We give the names 
Matter; inertia, S^orce, which have, a coipmon defihitio'n and a 
common estimate. The word Matter is the’tjoncrete name, 
whil^ Inertia and Forc^ are the asbtrafetions* fpr what is'^com¬ 
mon to all matter. ^ 

}(a88f Demitij —Mass is the quantity o^ matter, measureddn 
the raodp already described, namely, by the expenditure re¬ 
quisite to change the body’s state by a given amount. When 
the Mass is given, and also thdVoluine, or bulk, we obtain the 
Donsitij. Volumq and Mass rightly precedg Density, in order 
of detinition. Jfessrs Thomson and Tait make Density pre¬ 
cede Ma'i?'?. . 

Momenivm means quantity of motion; its measure is the 
mass multiplied by the velocity.*- The unit quantity of 
motion is some unit of mass, multiplied by a unit of velo¬ 
city. Mass is usually estimated by vJisight, but this is to 
anticipate fhq consideration of gravity, which should be ox- 
, eluded from llio elemenfiiry definitions of motion, matter, and 
tbroe. t . ^ 

B _ 

Th« defining of the notions following on these—Impact, 
Attraction, Uepulsion, Gravity, Cohesion, &c.—presents no 
logical difficulti|^. They ^retail derivative notions, their 
^jlcmonts being rae above named primary notions coupled with 
those of mathematics ; and they are defined as such, although 
coHcreto examples may be given to aid the understanding of 
Aift ifore difficult abstractions. • • 

Thus, Impact is tho transfer of force fyom one body to 
another by mumeutary conconrfo; the direqj;.ion communicated 
being tho directiod possessed. Attraction is tho continued gene¬ 
ration jof moving force shown fn the mutual approach of two 
bodies; Uepnision is the'generation of force leading to the 
Simtual recesS of bodies. Gravity is the attraction inherent, 
perfeiBtent,p,nd unchangeablsein all matter,^being proportioned 
to.the mass, and extending to Ml distances, At a uniform rate of 
decrease. 


Axioms of Molar Physics 

6. *3?he chief axioms of the scitoce are tisually stated 
under the title—Laws of Motion. 

In jtbe statement of these laWs vei^al and real proposi¬ 
tions are coulbimded. 
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Newtdh’s First Law—‘ Svery body perseveres in, its staCtd 
of rest or of nniform rectilineah ifotion, unless colnpelled t<9 
change that state by impressed forees’—is merely the full, 
expansion t>f the definili|on of matter, inerJ)ia, or body. , It no 
dpubt expresses more than the vague unibientific*notion of 
matter, ^ but !lb mofe than is abso^tely inseparable from 
mafter. It is«.Ver|jal and n(^a realproposition—ade^nition 
disguised as a proposition. • ‘Body ’ Tneans what Newtbn pre- 
dicates of,it; withdraw from ‘body' all that the law affirms' 
and implies, and there would be nothing left. If a body did 
not persevere in its state of rgst or motion, until distuiibed by 
another force, it would not possess ^the most etementary con-* 
ception that we fan form of body, the property of resistance.* 
Of the various modes of exhausting the‘aspects of body, 
matter, inertia, force, it may be doubted whether Newlon's ii? 
the most felftitous. At all events, the attempt wt>uld succeed 
better, if the statement *wore in the only legitimate guise—a 
Definition. ^ 

• Ni'Wton’s Second Law^s—‘ Change of Motion ig proportional 
to the impressed force, and takes pls^pe in the direction*of«that 
fjrce,’ This law assumes the fact of the corariluuicaticm rt* , 
transfer of motiou, and* affirms, although not in the* beat 
manner, the quantitative equivalence of the motioif given 
with that received. 

• The Third Law is—‘To^vsry action Jtjiere is always an 
equal ^nd contrary ro-action; or the mutual actions of any 
two bodies are always equal and oppositely directed.’ Mord 
shortly expressed thus—‘Action and Reaction arG^^^^a^^d 
contrafy.’ Objections Hkve often been taken to thd word 
‘ Re-action’ i^j this law. The meaning put upon it by Nowton 
is gathered from*his own ilUstratious. !jjlis examples tiro of 
two classes. • Tile first puts Jbhe case *of impact^ as jn pressing 
a body, or in drawing it by some gplid medium as a cord or a 
rjjd. There is, to say the least, groat awkwardness in tepre- 
senting the communication of force by impact, in these tgrma : 
—‘ when wo pusjfcf a stone with^he hand, the haUd is pushed# 
back by the synejforce as the stone is moved forward f pr 

‘ a horse towin/ a boat is dragged backwards by the same force 
as th« boat is d^ragged forwards.’ The more vatura^expres- 
sion is that when one moving body gives motion to*another, 
it loses exactly the enjEsrgy that it communicates; oj.that'on 
the re-distributiop of force or^ moving power nothing is lost. 
If ow, if there be anj^real affirmation in the Second Law, it. is 
this and nothing elSe. 
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The other class of examples gi\^n by Newton cofiiprises a 
'distinct case, and the onl}! chse that gires the appearance of 
propriety te the word * fe-action.* It irf’the communication of 
moveipent by distinct attraction (or•repulsion). 'When one 
body attracts a second, the second njquayy attracts the firsj:; 
the attractions bre mutl^nl and equal; the raonSenta produced 
are eittgictly the same in each. ^This is a fact'of great import¬ 
ance ill nature and deserves to be singled out ;r indeed, it is 

* the enly case of communicated momentum where the result te 

unaffected by disturbances that interfere with exact calcula¬ 
tions. ^ 

• Now this i^to be regarded as a separate induction. It is 

‘fully* consistent with the principle of the conservation of 
energy^ under fe-distribution, as represented by impact, 
'and has some inherent probability in its favour, but still 
requires the'*confirmation of experience. Ingenious reasons 
might be given, why no other result'should arise, but there is 
no infallible deductive cogency in applying the Law of Conser¬ 
vation, founded op impact, to the ecjuality of mutual att?i'ac . 
tions. , ' ^ 

c Searchiug** thus through the thrSe Laws of Motion, 
qncofluter only one principle—the principle of Conservation 
of Porw) under re-distribution. The second law has no mean¬ 


ing but this. That * change of motion is proportional to the 
impressed force ’ Juith diflicuky bscapcs from being a verbal' 

•0 is no other measure of force but * change 
, or impartible movoraout. The assertion 


jiroposition, for thei 
of motion,’ imparted 


wqnVl ^Ve no reality but for the circumstance that a moving 
body encounters another body and 'changes the state of that 


other body—urging it to move or arresting its movement. 


This is a suppositio'p not made ifi the bare definition of force ; 
and, thoreibre, we do something^oro than repeat* the defini¬ 
tion, wbhn we affirm that.the force imparted to the second 


bpdy'ls I'^st to-the first. Now, this is all thai- the Third LAw 
contains i only that law brings into^ prominence i|ie distinct 
case of force^ arising by attraction or repnl^n at a distance. 
iJiscarding, therefore, the present First Lj»w, as being but the 
definition of Inertia, we may condense the sVeond and third 
into a /single ctatement declaring the Conservation motive 
Energy, • under re-distribution, whether by iiapact, or by 
attractujin or repulsion. Tliis is the ohjfc axiom of the Science; 
its foundations are inductive^ It is a partial statement, 
applicable to molnr forces, of the albcomprehending law of the 
. Conservation of Force. Indeed, in the limitation to molar 
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force, the firinoij^e is not stiictljr tree; it is trae with regard; 
to attractions and repulsions, aud|hence in, Astronomy no* 
error is committed in Ripply ing it; it 4s not true 0/ impacts; 
there is always forde lost in a mechanical pollision, or in the 
transfer by*machinery ; litp lost mechanical Energy rt^appear- 
in^ as moleculiM* vibration or heat. m • 

Newtoti’s second la%f has been centered as a way of pro* 
viding for th^ case df the ^oiSmunication of movement to a 
body already moving,in some other direction. A force in^pel- 
ling in any direction will accomplish, its full effect in that 
.direction, even although the body should be already in motion 
in some different direction ; * as when a ship sailing in a \ 
westerly current is propelled by a ftorth ^ind. This is the* 
foundation of the law of composition pf Motion and Force, but 
it is still only an application of the principle of Coiisefvation* 
of Energy umler ro-distribution. Direction as wcM as amount- 
are included in the priifciplo; a body moving in a certain 
drirectioii and imparting motion, imparts it in its own direc- 
doi!^ and in no otiidh. Ifefore affirming the Law of Conser¬ 
vation in its full generality, we are bound to \prify it Ipr this 
case as well as for attractiSu; it has been verified^ 

\tfd is affirmed accqjrdingly. • 

The so-called ‘ Principle of Virtual Velocities ’ is a hypo* 
thetical expression of the Law of Conservation suited to various 
mechanical applications, suih qp the deq^enstration of the 
mechanic powers. We cannot prove the* statical proposi¬ 
tion of the lever, without supposing it to move. Dynamically* 
the law of tho mechanical powers is the only one eansiatent 
with tlfe Conservation of'Force ; and the dynamical ^toof is 
given as tho by the supposition of a very small motion. 

7. The seconif great Indifction Molar Physics is the 
Law of Gravity. 

The Law of Gravity associates the two distinct properties— 
Inertia and Gravity, and declares the one to be proportionifd 
to the otheE thrqinghout*all v^ffeties of matter. •The Law is^ 
sufficiently expressed thus:—Every portion of matter attracts 
every other por«on,*the attraction in each being in proportion 
to th^ mass (on inertia), %nd inversely as tbe«squar^ of the, 
disfhnce. / . • 

This Law lias been f^quently referred to, in previous parts 
of this wqrk, os the one unequivocal case of two co-eltonsive 
pfopertie^, oonstitutipg a pi;ppositidn fully reciprocating, aud 
convertible by simple conversion. 
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‘ Our unit of force (so mncb intrta acting throng so mnch 
space) is tboAthe unit o|weight, saj a pound, moved against 
gravity through the uiit of space, saym foot. 

,Q(mcaU7i{f,tion and Method &f Molar Physics, 

8. The. branches ^ Molar Physics folfc^^ a Reductive 
arrangement. The Anstract jjepartm*epts dit; purely dMuc- 
tive ;• the Concrete unite Deduction with •Experimental, 
determinations. 

The great division into Statics and Dynamics —Eqailibrinm 
and Movemo«it—exhausts the Abstract portion of the subject. 
These are thoroughly mathematical in their structure ; the 
propositions and demonstrations are worked out according to 
Geometry, Algebra, or Jhe higher Calculus, respectively. A 
proliminarjf mathematical department is constituted, which 
has been termed ‘ Kinematics,’ coittaining propositions that 
assume only the fact of Motion, together with mathematical 
elements. The Composition and Reeolutfon of Motions, ^mde.r 
everyjjoBsittle^jJriety of complication, are mathematically de- 
^ve^oped und^r this branUli; it boin«* al^ applicable to Optics. 
The,theorems are then found to bo iransft^ablo to Statical and 
'to Pyjiamical Problems, which regard Motion as the result 
and the essential fact of Force, whose full expression includes 
as factors the V^city and ^as*. 

The Concrete branches are ;—I. The MecJiawc Poicers^ and 
Machinery generally (fluid action not included). Here tliere 
is ^n application of the deductive laws, but these have to be 
rflodiPbd by the molecular structuroiof bodies; and thC modifi¬ 
cations are ascertained expgrimontally. Thp laws of friction, 
of stress and stram, of molecukir transfer impacts, &o., are 
the subject of experiment almost exclusively, ^here deduc¬ 
tion is .aj^plied, it must be aubniitted at every step to experi¬ 
mental confirmation. * 

• • II. Hydrostatics and Hydro-Dynq/piicSf or abstract Statics and 
DyiA.mics t^pplied to LiquidsP^ Thefte is hei^ also ’the employ- 
mept of experiment to find out the modifications of dynamical 
1&W8 due to the molecular structure of*liqi^ds. There is a 
farther use experiment, in aid«of the deductive process 
itself, f^jbich is apt to be foilid by the complibp.tions of fluid 
mobility. • 

Ill.'flemfafics and Pneumatuvs comprise the treatment of 
gaseous bodies, to which the foregoing remarks also^apply. * 

• IV. tf-lcotwiics treats of vibrations of the<air and other bodies. 
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oonstitntiuf the agency of Soitnd, Here wo have the transition' 
from the molar to the molecular^ l>at the mode of dealing 
with the phenomeni^n ^through the sifhilitude’of pendulous 
and wave nvotions) has «lose alliances wit^ the precei^ing 
molar branches.^. In «this department, however, experiment 
predominates over dediiation. ^ 

y. Astronorm^ might be taken either first or last among 
^he Concrete Branches. It departs the least from abs'tract 
Statics acd Dynamic^ which is owing to the parity of the 
gravitating force; there being no friotioh and, in the celestial’ 
region, no resistance. It is deductive thronghont; yet, oflring 
to the great mathematical difficulties, .the deductions must be 
checked by contiumtl observation; while to observation alone 
wo owe the knowledge of the co<efficietits or constants. « 

In Astronon^, there are v&rious problems that ^raw upon 
the other concrete brancl^ps of molar physics, and even upon 
mqloculcar physics; so that the position of priority among the 
concrete branches has to by qualified. The tides, the physical 
cOnstikition of the sun and the planets, the theory of solar and 
planetary heat and light—^^re examples of thes^'ar-branfthihg 
postions of the subiect.* ’ ' 

MOLECULAR PHYSICS. 

• 9. In Molecular Physics, fhe fihenomenfM have reference 
to the action of the component molecules oi matter. 

The chief subjects are— 

• Molecular Attractions — Oohesion, 

Heat, 

Lig%t, • 

Elv^irtcity. 

• The primary assumption, as^om, or induction of Holecular 
Ph3tsic8 is to the effect that the mas^s of matter are competed 
ofiamall particles, atoms, or molecules, attracting or repelling* 
each other ifl variqiis modds, an^^ossessing intestine motiflns. 
This is a real premosition respecting matter, and not a mqre 
repetition of itsHefihing property—Inertia. It is pre-emi¬ 
nently Jiypothetjl^l in ite ^aracter; that is, th^ evidence for 
it is 5 nly the smtobility to expresS ,the phenomena opezi^o the 
senses | as, foi/ example, the solid, Hquid, and gaseous forms 
of bodies, ^be heat or femperature of bodies, luminofts and 
elcttrical ejlects. 
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Notions^fm Molecular Physics. 

Molecule^ Atom.—^ is known as % fg,ct that every kind of 
niaiter is mad^ mp of very minuta portions, atoms or 

molecnles; the limit of minutefless being, J^itherto nnascer- 
tained. *By snpposij% attractions ai\^ repulsions between the 
atoms, we can represent the #rarieties of soliQ, liquid, and gas, 
as w*ell as the imponderable forces—heat, &c. *'rhe pheuom'en% 
hSwevei*, require that there should ^e different orderS of 
' atoms Or moleculesf the ultimate atoms being grouped into^ 
confplex atoms, and those agva, perhaps, into still higher com* 
pounds. Thus, the Cohesion atom, the Heat atom, the Chemical 
atoms, the Solution or DifTasion atom, ai« all hypothetically 
distinct, the assunipticms being varied to suit the appearances. 
The deflation of the atom or ‘molecule,* therefore, is hypo¬ 
thetical and fluctuating; the only qpnstant assumption is a very 
.minute element gifted with attractions and repulsions, by which 
is brought about the aggregation into masses. 

MoLigODiiAR Attractions—Properties op Matter. ‘Wume- ■ 
rbuif important notions»arise out o^' this departrient of Physics, 
which discusses the various modes of‘aggregaiion of malarial 
masses, and their causes, real or Bypotlretical. 

Solidf lAquid, Oas. —I'hese names for the three states of 
matter, have ah'cady oceurred^inder Molar Physics, and must 
there have beerlSetinod up^o a certain point. The exhaustive 

* definition of the various forms of solidity falls under Molecular 
PJiysic^. I shall indicate, for ulterior ends, what seems the 

•bes^farningcrnent or succession of^the properties of $olids. 

C'l’i/.s/ail.—-Antithesis of amorphous. The crystal is not difficult 
to .define. The jcommon *fact is a regular* aifd constant geo-, 
metric form as •determined ny the angles df^ the faces or 
boundafy planes. A substanca, for example, always found in 
cujies, or with right-angled solid angles, is a crystal j a sub- 

* stance that has no regular or constant form is amorphous; 
sueh is a finder. Subsidia^jj to the main ffiea, ase the notions 
~/ac0, axWy nucleusj cleavage*fracture —ana the several systems 

* Altltough the adjective ' molecular’ is useefin the broad contrast vrith 
the molar, while the substantive ' molefule’ also co^orma to tlm usage, a 
morefpecifio meaning has lately been attached to ti^ mole(ufe,itn con- 
Xradistfnotion to tlio * atom.* . An atom is .supposed to pe chemically indi- 
visibka; a molecule is the smallest combinatibn believcd’to exist separately. 
There is a hydrogen atom represented by H; but the hydrogen moloculo 
is H H, or Ho. The mofecule of ^i’hosphorus and of Arsenic ia'each 
'composed of ftw atoms. All this belongs .4 the hypothetical part of 
Chemical Ctynbination. 
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of orystals-^^esseralf Teti'&gfual, &c .; also Isomorphism^ 
Dimorphism, Allotrqpy. • • ' 

lELarilj Elastic^ Ten^citfua. Euctih, MmUeahle, * Th^so are 
names for.a scjV'iea of impoj^ant attributes of* solid bodies^^to 
whi64 there is a corresp«udir^ series of coniraJling properties 
—soft or Jl^ibley ^wlastitf.hHitlef injlexih^ induUHe ou unmal- 
leable. * They are tu*ostly distinct properties, although to some 
eitoat related. They are all strictly definable, and measurdole 
in St&ount or (^gree by ^ven tests. Hardness is the resistanoe 
'to change of form, os by scratching or dinting; Elasticity is 
the rebound from compression, ^enacity is opposed to being 
pulled asunder. Ductility is tenacity^under the^process of 
being drawn out inljp wire; if the hammer is employed, the 
• substance is called Malleable. • ^ 

Viscosity is a softness approaching to liquidity. * All bodies 
capable of having; their form indefinitely altered, and^csisting 
the change with a force proportioned to the alteration, are 
called Viscous I5odios.'^(J. Clerk Maxwell). 

. Gohe&ion (Homogeneous attraction). Definabl# as the mutual 
attraction of particles of the same subs^nce, as iron, fiint) or 
ice. ^The crystalline structure, hardness, and other qualities in 
the previous enumeration, ^ay be expressed as difierefit 
degrees and modes of cohesive energy. Cohesion is therefore 
the hypothetical summary of t^ properties just named; and 
its modes are to be nccommouatet^ to ropres^it these with 
accuracy. • A crystal must have one mode of cohesion, a 
lump of clay, a different mode. The limits of cohesion are 
small j tw^o pieces of plate jjlass will adhere strong in 
close contact, but will not attract one another tliruuglf a 
sensible distance* • * 


Adhesion (Heterogjhneous attrafction). A wjde-ranging phe¬ 
nomenon. It'is* defined — the attraction of particles of one 
substance for particles of a different §mbstance, as wheii ‘glue 
sticks'to wood, mortar to stone, water to wood, &c. Cemenfs, 
CapiTTary actiqu. Solution, Absorption of Gkses, Alloys—%11 
suppose this mode df action. To^express the full "details— 
which substances attr^t which, and with what degrees of 
force—requires a rfreat manj* propositional statements, most 
convemeatly giv^ in the mineral ^r the chemical^escrij^tion 
of eacn substan^. Under the present head, the general 
results should bo presented! ’ •* 

Di^usionf Osmose.-r-These are properties extending beyond 
what is implied in solution, and' even anticipating Chemical 
processes. Still, they ire the immediate sequel to the priced* 
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jug group of phenomena. Iheir definition is*&. generaliza¬ 
tion of the.phenomen# brought to light,by the researches of 

Urahaip. • * # . 

Crystalloid, GoUoid, IJialyds.—'Ei^ extending >he .application 
.of Oftnjose, (f raham arrived a* a distinction among Wics, 
expressed by the tf^itheBis—CrysiJEUoid^and Cqiloid^ whose 
d\itiuition is in the liiglies| degree jp-egnjftit with impor^nt 
attributes. (1) The colloid state is a modedf the anti-cryst^l- 
4ine or amorphous modification of matter. (2) The colloias are 
inert ^.'heinically, they are not powerful os acids or bases. 

In their own form, they hjf,ve peculiar powers; as soft and 
sornidiquifl they allow other substances to difiuse in them. 
(4') Still moro,important is their instabUily, their readiness to 
pass into clflinge, a»d gradually to sink down towards the< 
doadnes.s an<l fixity of the crystal; during which process they 
are souAes of molecular power. These two last peculiarities 
lit them to play a part in living structures, into which.tboy 
cnler largely as constituents (albumen,fibrine, starch, &c., are 
colloids)., (4) Colloids, while permeable by bodiotf of’the 
acrysbfiloid «la.ss, a.s ^dt and su^r, are im])eruicable to each 
•other ; fi most important law, on which Graham has foiwided 
his method of Dialysis, and whihh is the explanation of many 
inttrestiiig phenomena. 

Effusion, Dtff'iiswn, and Tro^sjnration (of gases).—These are 
tho phcnomen|j»parallel tefthewregoing as manifested in gases; 
they have a modified definition accordingly. * 

JSnch is an orderly statement of the great loading notions of 
, lht^*lflitial branch of Molecular^ Physics. They gll demand 
stfiet detinitu)!!, and a separation of defining properties from 
predi(7atcHi jironorties, nhcordiiig to tho fiett logical method. 
Wescendiug intti the^very dc^iths of molecular section, they un- 
avoididjly anticipate other pa^ts t>f molecalar*physics, and oven 
of Olieinistry ; but thia is not avoidable by any arrangement. 
The priority of position is justified by the circumstance that 
ijohesivo Force is the iq^lieifhlile att^bute of all kinds of 
matt<'r, find is tho counter^'orce to the ^reat total of Energy 
expressed by the Correlated Forces* lfeat?&c. Matter is what 
we find it, on the one hand, t|^rough thV opposing play of 
intynal ct^esions, and on 4he other hand tlii^ngli the repulsion 
deriTod from the transftfrablo energy of tha universe. It is 
as ,^oat, Electricity, and Gbeniical Force, that this energy 
ab extra counter-worka internal cohesion ; just as, i® the 
capacity of mechanical eiierpiy, it c«ifnter-work5 Gravity on 
the*groat scale of molar movements. 
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Heat. —TRo next departmeCifc iu order is the primary and 
the typical form ot molecalar ener^ 3 ^ in the great ciitjle of 
Conserved or Persistent^’orces. The leading notio ®—Heat 
itself is the oiOy one attended with logical diificnltios of dpti<^ 
nitioQ. Properly gpeaWiig it is an ultimate, RndefinaRle, in- 
oonimtmicaii>le noHon, au*d its essential qjj^racter ts suhipctive. 
J^ach or us must Ute*retired to ory own sensations of heat 
(jpld' in their different degrees* which sensations are unit|uo 
an^not to bo#confouodW with any others. Nor is there iniy 
perplexity in generalizing the particulars, with a view to a 
comprehensive detinitiou, as thcr^ is with matter and inertia; 
he that has one or a few experiences of^ohange of ttraperntnro 
knows all. • • * 

The physical or objective counterparts'of this flnmistakcable 
subjective experience are uuinofous and various, and belong to 
strictly phy.<iica1 invostigatiou. The mo.st obvioul' aro the 
increase of bulk by warintu, and the so called destruction, 
(more properly re-eonstruction) of macerial masses. A groat 
anti pretnicted oUbrt of generalissation has bijau requisite to 
encompass all the manifesb^tions of physicffl corr&laki of 
a fa*niliar feeling, and •to embrace the whole in a* unity of 
expression. Even alf the ^ressent moment, the generalizhd 
unity rests upon a hypothetical assumption, true in the iTiaiu 
fact, but nucorlain in the shapij^, and as yet imperfectly adap¬ 
ted to the multiplicity of tho thdl’mid pheaivmena. Heat, 
physically, is a mode of molecular motion, exchanging at a 
detiuite mte with mechanical movement, as well as with tho 
other molficular modes termed Electricity and Chemical fprcB., 
If wo dorme Heat by its subjective phase, the groat phyirfeal 
gciioralization isr a'predicate of coftcomitance, constituting a 
real proposition. Jt’ wo use tlfe subjective Jfact merely afl a 
clqe to the objective, aud insist^, on making the deiinidimt ob¬ 
jective, this property is then the defining property, frornTwhich 
woulH flow innumerable deductive attributes {propria); w'lrlle 
there would be propo.sitiong ^ith^r propria or concomitants) 
affirming the relatidnships of heart to other forces, add also the 
material collocations 3br arrangements connected with tbo. 
transmutation. ' 

The rfotions iqi^lved in the variens phenomena <ff Heatj^give 
the heads of the science ; they are all definable by generaliza¬ 
tion, and their ^noidatioh needs abundant reference to fq.)i 2 ts in 
the^noretff:—Conduction, Convection, Radiation, Reflexion, 
Absorption; DiathernMtjy, Refraction, Spccihc Heat, Jjatent 
Heat, Melting, Freezing, Evaporation, Condensation, EbullU 
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tion, .Boiling Point, Diatillatiftn, Tension of Y&ponr, Dew 
Point,'Heat, of Combinitk)n, Calorific equivalento. 

Liant—The exaet position of this subject in a strictly 
ettylied arrangement of topics is sqfiiewnat dubious* In some 
important poiifts, it has a close aHiance to ^a>t; its manjfesta* 
tion in.a body is^ltnost alwaysJ^iepencPent oy a certain 
totpperaturc. Moreover, an infiqpnc^ eradiating through 
spate, it has not only great •similarity to ^leat, but also ,is 
singularly open to mathematical treatment, ^till, beijJ|^ as 
yet itaperfoctly understood in its reciprocation with the cor¬ 
related forces, it does not st^d to heat on the same footing'as 
electrical find chcmicpl force. But for the close and easy 
tfansition fronw Electricity to Chemistrj% we might put light 
at i^ho end cJf Molecular Physics. Or, as having abstruse 
chemical relationships, it miglit succeed to Chemistry. Thus, 
the position actually accorded is owing to adeeming prepon- 
demnee in favour of one out of several alternatives. 

Tight, like heat, tnust have a subjegtive definition to start 
with ; and, in ithis view, it has the same freedom from ambi¬ 
guity. *''But‘aH Sight is a highly objective sense, we can incor¬ 
porate with f.ho subjective property "the objective partiqjilars 
—nidiation and transmission in flpace-*^which are revealed at 
oiicd to the luminous sensibility 

Wo may give the definition thus :—Light expresses a dis¬ 
tinct state of ngad knowni>nly to individual self-consciousn'ess, 
to which state is added the objective experience of on emana¬ 
tion from a material body to the eye, whereby we become 
k cogYjfxivnt of the charaotoristio properties of matj^ter named 
visible. 

Tlie subsidiary notions^ro the main topicsof the science :— 
Traiispjirent, op4quo,^transla8ent, shadovv^ Incidence, Refrac¬ 
tion, ladcx of Ticfraction, Image, Kefiexion, Mirror, 

CausCTo, Focus, Coloui*,, Spectrum, Complementary Colours, 
Dtspersion, Chromatic Aberration, Diffraction, Kaibbow, 
Double Refraction, Pola^^zatidi^ Interference, Undulatory 
f hoor^r* 

‘ So far as these topics are concern^, the science of optics 
depends upon no extraneous sourpe beyondxMathematics, and 
raigltt havcf precedence of ufcll the other subjects of ifkojecular 
physics. The connexion of Light yith Heat, .with Electricity, 
'and.#vith Chemistry, would then .Tall undd^ ^ese several 
departments. . • . • 

Electrioitt.—A s tlie denotation of lElectridty takes in-- 

Magnotism Voltaic Electricity Magneto-Electricity 

' Friction {illectrioity Electro-Magnetism Thermo-Electricity— 
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it is DO easy matter to fiD<^ an Qz^ct connotation .ibr the 

f eueral name. T\fo properties may put forward ; (1) 
'olarity, an^ (2) Ourrent action. As regards fhe first, 
Polarity, there is uni form •agreement in all (he modes*;- tod, 
moreover, the polar attflhnte is promin^ and pervading, and 
imparts a dlestinctive character to all tire phenomena. Still, 
in carrying out ^ue ideh, we are^iet by the ambiguous ](fhe> 
'ifaaipnon, named by Fgraday,* Diamagnetism, a force mai^i* 
fested by th§ magnet upon heavy glas^ and certain other . 
^substances, but without polarity, being equal repulsion by l^th 
poles. This phenomenon, howe^r, must be held in suspense 
in the meantime, and not allowed to irrterfere with the defini¬ 
tion on so vital a potnt. * » 

The second characteristic o( the Electric Forces, is Iheir 
being carried tcnany distance, through solid conduclors, so as 
to dischai'ge themselves at any point. In ordinary chemical 
action, as in the double decomposition of two salts, the.sub*'^ 
stance^ must be in coittact but by an electrical arrangement, 

• the oxidation of zinc in one vessel, may lead Jibe d^oippq- 
sition of water in another. •This impOTtant point‘of oommu- 
nity%inkes a strong al^ance, although with differences, between 
the electric forces. . 

These two leading features, coupled with snbjeotion to the 
great Law of Conservation, A’e qU that caji be at present 
brought under the connotation of Electricity at a whole. The , 
difierent branches have each their special definition, attainable 
by the same generalizing process. Definitions are alsaiK!) be 
provided for the subsidiary *0011008—Magnetic Poles, Ifitfiri-* 
dian, D^ciinatioi^ inclination ; Eleq|,ric8, Non-Electrics, Con- 
■duction, Insulation,* Circuit, Induction, Charge, Discharge, 
Electrical tension ; "Electrolysis, Electrodes. * 

Propositions of Moleculdr Physics, 

Axiom of Conservation of Force .—At the threshold of mole- 
cnlar phy8icB,*there must provided a statement of the Law 
of Conservation, in,all«t8 compass, or as embracing alike the 
molar and the molecular forces. Although the law cannot 
be fully ffompreh^ded at this stagp, yet some attempt sl^onld 
be made to exemplify its workings as Heat, as Electricity, and 
as Chemical forqfb, and al 89 *to point odt the mutual convejpion 
of all the medes—-mplecular and yiolar. The law is the pre- 
sidiii^ aziovi of molecular Physics, and of Chemistry, and 
throngh them reaches the domain of Physiology. It is efery- 
•where the inlfficing explanation of the origin of Forc^; leaving' 
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to be* investigated, tha arrangements, situations, or oironm* 
stances, attending on tne manifestation of force in each par¬ 
ticular dhso. 

Sther ^TO]^os}iv(m& of Molecular Plfyeics. —The various notions 
or dehning .propert^s being clearly,*cliars^terized, wee may 
readily ascertain w»t class of predicates* usuaWy gp with 
thdha 80 as to constitute th^ real propositions of the science. 
Thus, with reference to the firat*department— ^Molecular Atlrnf* 
tw7)8, or the Properties of Matter, from whichcare excluded 
wl^tever comes un3er Heat, Electricity, and Chemistiy—the^ 
atom or m^^lecule being defined, we have, as real propositions, 
the following ; ‘ Mattel* is composed of atoms * the atoms of 
matter attrac^dkch other.’ This last prd^osition being one of 
wid* generality, there*fall under it many special propositions, 
or mudc%of atti’uotion, for different kinds of,matter ; but, in 
this department, wo are povpetaally disposed to palm off 
-verbal proposltiohs for real—as in affirming that hard bodies 
have a powerful atomic cohesion.* Examples of strictly real 
yroposi^ions ^afe these ;—crystals are hard bodies, thjrf is, the 
Qohesion*<5f crystalliftition is imtenso in degree ; crystals 
ase usually brittle, or the cohesion of crystals is of a chort 
range. Again, with regard to Adhesion, there is an import¬ 
ant inductive generalization, that bodies of a nearly similar 
natnro are those possessing siutual adhesion; thns metals 
adhere in solders and in alloys, earthy bodies, in cements and 
in cohesive mixtures, and so on. Farther, the* Diffusive 
volugiD of a gas is inversolj- as the squai'e root of its density. 

I^iese are propositions of co-inhering attributes, ventied 
‘ only by wide and oxhaq^tive agreement^ through the whole 
sphere of the tilings concerned. ^ * 

Another Inrg^ class of propositions under ^ihe same depart- 
mentjnclndes the numerical ftxprcssions of the degrees of the 
different attributes. Tfifeso are the constants of the department, 
and need no farther remark. ^ 

*Tho propositions of Hc^t have the leality unsing in the 
concomitance of subject an^ object f%cta. Apart from this, 
they may be classified under the follcfVving heads. The fibrst 
class takoGbin the deductions frem the law of Conservation, 
conoj-med by observation, find inductionfeuch are*the fiicts 
• of the dilatation of bodies by heat*, pf whichi fusion and eva¬ 
poration are special manifestations. * There is herein comprised 
a wide field of natural* phehpipena; and many specific ctate- 
mouta are needed to cover the variety of modes in different 
(Substancss. Another class of propositions afiSrm. in their 
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several mo^es, the great molecular ^r^ertj named CoiwiMcfiofk, 
a property with namerical degrees ; while important laws oi 
dependence or concomift-nce connect tnis property Vith the 
molecular properties of bftdios. Radiation h#zt demands to 
be considered, a jjMit wfiji geometrical asnpcts and correspond- 
ing p^dicates ; lli^s park of the subjoctfnaviug a considerable 
parallelism to the leadhig facts (if Optics. The specific lAtes 

ra diation of (filferent bodies\nay be nunieri(}ally ascertain^ 
and laws en«»auced, wfiose character is jointly dednctive and . 
,inductive. Absorption is another predicate, and sinyiar 

remarks apply to it. • • 

The exhaustion of the ijonsequences of the Law of Conserva¬ 
tion, would require %> statement of the mode 8f«deriving heat 
from Mechanical force (crushjng, collision, or friction),•and 
from the other, molecnlar forces ; and also the situations or 
arrangement.^ whereby it netnrns to these again ; the case of 
‘producing mechanical force having been given nnder the grealS 
fact of Dilatation. • • 

Dn ^he whole, propositions of heat are (1) Ofcrjvatittes ^I’oip 
Conservation ; (2) Cou.stanl;a, or numerical mea.stiies of the 
varvDus phenomena for difie^eut bodies ; (3) Laws connecting 
manifestations of heat with molecular structure ; (4) Ltiiys of 
situation, or conditions of the transmutation of Heat, to and 
from, the other energies, withe th^ constant^ expressing the 
rates of equivalence. • 

The foregoing account may snflice to exemplify the propo¬ 
sitions of molecular physics. Weve we to proceed tod^roMT, 
we should find a statement of definite phenomena—caRcd 
radiation, refraotioUj reflexion,disper^on. colour—all expressed 
►under numerical*an^ geometric*! relations. • We slionld also 
find some cases gf .eoncomitauce of attributes, as Dot^ble Re- 
traetion and Polarization. Thft connections of Light-with 
Heat^and with Chemical Force, bein’g underivable from the 
great Law of Conservation, mpst be given as empirical induc¬ 
tions of co-inhering attributes, soHie of them of ooasideral^e 
generality, as the oonn§Hon of ligibt with temperature; others 
narrow and special,* as In the chemical relations. 

Electricity ha&the advantage of being fully (xirselatedwitb 
the other forces.^ It involves, ho4rpver, great complexity of 
arrangements, conditioins of its manifestation in the varjous 
species; whence the propositions are greatly ocxsupied in stating 
thesa arrangements or collocaticpis^ mafiy of them being hidden 
in the molecular depths*of Ixidies, and rendered in hypothetical 
.language. • 


16 
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Pndominf,r^ Methods of Fhpsics, 

10. Physics has been seen to partly Deductive, and 
parMy Juducliyfi. The Inducti(Ais principally relate to 
Cause and Effect; ^tvhile, in Molecifiar Physics, there are 
inductions of Co-inlh^riug Attribunis. .The principles of 
Deflnition are appealed to* and mote especially for .the 
mymary notions ; but there is scarcely any openings 
•Classilication. . 

a Deductive Science, Melar Physics is a branch of applied 
Miitheniatics, checked and controlled by the perpetual reference 
to facts. ^ • *■ 

A# an Inductive Sdlence, Physics makes an unsurpassed 
display the inacliinery and ’resources of Qbservation and 
Experiment. It also shows to adj^antage all the Methods of 
Experimental Elimination. The facts being subject to the 
great law of Conservation, the deeper experimental problems 
consist jn ascertaining the collocations or arrangements for 
tfansmutipg hr evo.vifig the difitrent modes of force. The 
re§earches and discoveries relating to Heat, Electricity,*and 
Light have this character to a very lar^ degree. 

Tilt* Hypotheses of Physics exemplify all the forms of Hypo¬ 
thesis formerly laid down. The^ihicf instances—tlie Dynamical 
^ Theory of lloat,*flioUuduhilory Theory of Light—have already 
’ been adduced in expounding the general subject. ’’ Another 
hypoyipsis of inferior weight and character is the two Eleo 
•triog^ Fluids, for reprebeniing thp polar phenomena of Elec* 
irioitj. 


CHAPTER in. 

LOGIC dt chemtstIit. 

m 

1. The relationships of Chen^istry to all the departments 
of Molecular Physics are intimate andVaustained-o The 
special fact of the sciende is giveij in the name Chemical 
Attfrfetion. • ^ 

C'hemistry deals, with the -union and the separation of ele- 
menls; it regards all the substances of nature as either simples 
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or compounds ; the manner of i^n^on or oomppsitioh being , 
special to the science. There are unjons not chemical; as 
when bodiefi^are pulverized and mixed together without farther 
intimacy. There is a sftll^ more intimate onion in eolfltioii, 
which, howeveiv*also ^mos short of ohmmioal usionj 

2. * Chemical*Attraction, or .Union, involves these fftcts : 

^1) The Properties are dctinite. (2) In the act of union,' 
%Ihre is U^at evolved. (3) The chief properties of 
elements disappear. * * ^ 

A fourth mark, which may either enter into t^e definition, 
or be reserved as^a predicate, is that oheinioal union takes 
place between dissimila-r substances, while soluflon or adhesion 
is between aimilars. If reseuved as a predicate, this property ' 
will be one of^the properties forming real propositions, as ex¬ 
emplified in next section. • ^ 

It is not necessary here to exemplify these defining proper! 
ties. .^In a work on chemtstry, it would be advisable to oftcr 
in advance a few illustrative cases, as^a preparat\on*rt)r euter- 
ing on the systematic detail. • • • 

This disposes of the leachng notwn of Chemistry, being*the , 
essence or connotation of the name, the Definition df the 
Science. A mistake in Logic is made when these properties 
are stated as real proposition*^ ; tiiey are na^ predicated of i 
subject chilled Chemical Attraction, they constitute or make up* 
tliat subject. 

3. Thrf3 Propositions, or real predications, of Cheiftistr^ 
relate (1) to the circumstances, qf conditions of Chemical 
<jhauge, (2) toTh<isubstances*that underg® the change.* 

(1) Wheh w^havo defined the ftfet of Chemical nniont 

(with its correlative and implicated facts, DeconipOsitionj 
Simple Body, Compound Body), we have to state the varfbui^ 
circumstances, conditions, oi modifying infinences of Chenycal 
changS'. TMs constitutes inimen^us real predicatidhs, of great 
theoretical and prectieal moment. • • 

(2) The eunineration of substances that combine together 
chemic^y, or tl^t bring aUout cl^mical decompdbitions^ields 
a lar^e mass of real propositions, under the general predicate 
of Co-existonoe, or Co^inhering aCtribntes. Oxygen •com¬ 
bines with hydrogen, and forms prater; snlphuric acid decom¬ 
poses cbalh, common lalt, Act * 

The expressions fof the definite combining numbers are real 
propositions, corresponding to the ^constasnts’ of Hivsics. ' 
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The ’gelation of Cheimcal Force to the other V^orrelated 
Forces may t)e re-iteratea at the commencement of the subject; 
although^ as with the Sther preliminai^r statements, the nnder- 
standing of it w^ll grow with the anfslding of the Hitnre details. 

, AirrangemJ^TU and MethodsGhif^istry.^ 

4», The division of Cheiwistry is nnto Inorganic and 

Organic. * , 

*lnorganic Chemistry is laid out under the succession of 

theJSimple Bodies. 

The distifiction of Ir*orgaiiic and Organic would exemplify 
dehnition with a broad doubtful margin# Tlie basis of the 
distinction is l^e circmnstance that a large class of highly 
important substances can be obtained only from living bodies; 
such are starch,'sugar, albumen, ^’his peculiarity of origin is 
associated with two other peculiarities, namely, the limited 
number of elements in organic bodies, and the great complexity 
of the chemical constitution. There would be a conveniisfnce in 
adopt.in^all the three &cts as a cojnplex definition of Organic 
* bddies, fr5m which, by antithesis or 'negation, we have ,jthe 
i definition of the Inorganic. * * 

Tlfe Chemistry of the Inorganic or Mineral world comes 
first; and its method of arrangement is to adopt some sncces- 
fiion of the Simfjle Bodies,*and under them, to distribute the 
•various Compounds. 

ClassificaHon of tJie Simple Bodies or Elements. 

5. The Simple Bodieg, or Elements, gire divided, in the 
first instance, kito Metals .and ]Noii-Metals. Although 
there aj;e transition •elements, as Tellufuim And Arsenic, 
the distiuction is founded on* important differences. 

I'he Metals have certain prevailing characteristics, but yet 
in a varying degree, and wifch occasional excoptiens. (1) Most 
striking are the visiMe properties—Opacity, Lustre, and Colour. 
•Metals are opaque; they have thepeculiarlustre termed metallic; 
and their colour is white or grey,twith the exceptions—Gold, 
Copp€r, andTitanium ? whhjh are yellow, (i) They are soZid, 
MercuVy and Hydrogen being notable exceptions. The solidity 
18 usually joined with compactness 6f structure, as shown in 
the properties—hardness aiM tenacity. (3) They are com¬ 
paratively good conductors oi'Beat. (4) They are’conductora 
of Electricity. (5) They are Eiectro'posiUve. (6).They com- 



245 


METALS A1»D l^ON-METALS CLASSIFIE13 

bine chemically with the Non-Met^l*. (7) Theii; coiripounds 
with Oxygen are for thg most part Bas^^ and not Acids. 

The question is ndt here raised how far some of these pro¬ 
perties are iftiplicated ^n otliiers. Since the iKiplication not 
obvious, the prt*yerties*re provisionalljwgiven a« distinct. A 
moro^importantg^emarl^ from the logi^I point of view, is the 
occurrence of exceptions to almost all the properties. 15 the . 
^Amplex defining of natural objects, we must be preparedjbr 
this circumAauce, which does not rendeivthe classification vain 
or nugatoi’y. Although mercury is a liquid wo neitlier.sur- 
render the property of solidity, •uor exclude it from the class* 
Solidity is wanting only in two; afld mercury has ail -the 
other six properties. This is probably one oT ^jfee cases where 
Whewoll would desiderate a, tijpe^ or average representative « 
8[)ecimen, some metal possessing in fair measure all the 
prevailing characters. • 

The Non-Metals are defined by the antithesis of the>above 
gfroup^of properties. * As ftjgards Light they are not uniformly 
opaque, and when opaque, they are, except s^qpiunvwqptipg 
in lustre. There is only ^}ne Gaseous metal, these are four* 
gaseous non-metals. • The^ are non-conductors of Electricity, ^ 
and Electro-negative. Their compounds with oxygen (one of 
their number) tend to Acids, and not to Bases. 

• Whenever a classification i^ possible, therq^ust be common 
properties, and these are possible to be stated. Still, in tha 
u.-age of Chemical writers, the statement of the generic pro- ' 
purties of the classes ‘ metal * and * non-metal,' does«Bot dis^- 
peuse wilh the repetition of these in the detail of the spi^cies. 
The Natural History methods, notabeing susceptible of exten¬ 
sive application is Chemistry? are hardly iitteiided to, flven 
where admissiWfiT Nevertheless, as tlfb situations wising in 
tile classification of the Simple Bodies are highly illustrative 
of situations in Botany and in Zoology, we may follow •out 
the present 6ase a little farther. * 

6. Both Metals and Non-Metals are sub-divisible into 
smaller classes OT groups. * * 

In^the Metals, -there are fiertaiq groups that h^e imjy^rtant 
affinities—snch are the Alkali-Metals (Sodium, Aok), the 
Alkaline-Earth Metals*.'(Barium, *&c.), the Earth-J^etalh 
(Alumininu, &c.), .the Noble Mptels^ (Mercury, Silver, Gold, 
&c?) remarkable for revising cembination. A group is also indi; 
cated by the importaiftfact—exceptional to the tendency^of the 
metals as fC whole—namely, forming acids with oxy|^en. A few. 
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pr(*8enfinw ^alogies toiqp(>, make an Iron group—Manganese^ 
Cobalt, Nickel, Chropiinm, Uraninn^. A' certain amount of 
reBeinblance snggeBts tbe juxta-position of Zinc, Cadmium and 
Mar^esaum. (Miller’s Chemistry^ f. 11). 

The G3£positor\ sitccession adopts cVhe (hKler- of gretlteat 
resomblauces. The siAjcession is necessarily,5inear,*and» leads 
inc^^iably to the wide remo'v^l of bodies that agree in some 
injportant particulars. The idea is soyietimes conceived 
•circular, or superficial arrangement for bringfng together 
resq^nbling bodies on two sides ; while, by a diagram of solid 
dimensions, «each body may be brought into relationship on 
three sides. Still, the* expository order can follow but one 
course, indioatteif by th^ maximum of resemblance ; and pro- 
visiofi has to bo made under eajsh body for indicating agree¬ 
ments between it and bodies in other groups. * 

Thei’e can scarcely be any doubt as to the propriety of 
placing the substancejs of strongest choniical affinity at one 
end of the lino (Hydrogen, Potassium, aud of weakest 
aijinij’iy 'at the.other end (the noble metals). 

.The Nou-*Motals (13 in nQnibcr)*coi 4 tairi a few groups, and 
some isolated individuals. The halogm group of Berzeliu'6— 
Clihjvine, Bromine, Iodine, and Bluorine; and the sulphur group 
—Sulphur, Phosphorus, Solenium, and Tellurium—are classed 
as having cousi^e^^able and# im[!fortant resemblances. Silhon 
.and Bonm have points in common: and their suffijc on was 
given to show s(>me small analogy between them and carbon, 
^he substance of most marked isolation is Nitrogen ; while 
Oxygen is pre-eminent by the catholicity of its'chemical 

affinities. « 

^ ^ 1 

By unanimous con.sent. Oxygen has precedence. The second 
place isivariously assigned. To take u|?*-Hydrogen could 
never have been strongly* justifiCed, and is now less so than ever. 

the single advantage of having Water brought forward at 
an early stage, a leap is taken* to the extreme opposition, 
matting the last first. Mosf;is to fie said in favdiir of Nitro- 
,ge.n, as the second body. Renmrkabletfor^ its chemical neu¬ 
trality, it also gives an opportunity for dwelling on tbe 
mechanical peculiarities of ^aseo^s elements ; and it .may be 
followed up by the consideration of the Atmosphere —k me- 
Ohau^al admixture of Oxygen and l^iti-ogeu. , 

Except to harry on to^ fam^iar and interesting combinations 
there is no need to bring forward oo^rbon amoi^g the V^ery 
first;' the nearest kindred to oxygen is'foand in the halogens 
--Chlorine^ To these might follow Cai'bon, and perhaps 
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Boron anS*Silicon, while the Sulglijip group would close the 
array. Leaving the question open, whether Cdrtjon, Silicon, 
and Boron, ^should •ne*or all precede \>i' tollow th« Sulphur 
group, the nile of arranging by the maxinfi^ of agreement 
on the whole wgold bd^beat* carried out. |hua :— 

JDxygon, , Chlorine, Carbon, Sulphur, 

. Nitrogen, Bromine, • Boron, Phosphums, 

Iodine, * Silicon, Selenium, 

Fluorine, Tellurium. • 

Since the exposition of Chemistry follows a certaiif order ot 
the Simple Bodies—the Non-Mttals first, and the petals ndxt— 
Some consideration is necessary in order to assign a place^ for 
the Compounds, ^bich far outnumber tho^Fienieiits. Xu it 
would be inconsistent with the very fiature of the subject to^ 
separate the Compounds frcni the Simples, seoiq^ that the 
chemical oharacters of tir simple body are expressed by its 
forming compounds with other bodies, the Compounds must 
be iqterpoliitcd in tlfe exposition, and appended to such of the 
Simple Bodies as they siro most intimately allied with. 

Hence there will always bo a cboidfe of posit*ion|; thd edru- 
pdund ‘water’ may^be atii^ched either to the element oxyge.ii,* 
or to the element hydrogen. • 

There is one obvious consideration applicable to this peculiar 
emergency. A compound needEof he brought forward for 
full description till all its elements have h^n stated; water 
may wait till hydrogen is given ; carbonic acid may follov?^« 
carbon, o ygen being previously given; the salts^may, bo 
appended to the metals that are their bases. Yet this aMjangts- 
ment is not witljout its disadvantage. The element given 
last may not *be considered the most impprtant in regard to 
the character* ^hus hydrogen is the completing element of 
80 many important compounits, as, for example, the hydrogen 
acids, that, supposing it placed atf'thc head of the meters, it 
would be followed by an ejiorraoua crowd of compound sub*, 
stances ; nmny of which Would«eem more naturally related to 
other elements, as tljp acids to tlieir several radicles—nitrogen, • 
chlorine, sulphur, <S^. 

Thq difficulty, in this particular instance nifU'be supposed 
to be got over, by the expedient'of bringing on hydro^ii soon * 
after oxygen. The operation, however, begins by an act,of 
violent trjjinsposition that may be expected to land us ah some 
oMier And so* it is. Eqa]>Iing us without loss of principle 
to attach* the* acidstheir several radicles—nitric .acid to 
nitrogen,* &c., the proposed step compels an abr^upt stoppagci ‘ 
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where there.*is a natural transit%n, namely from the acids to 
the salts, in point of fact* the barrier is always forced at this 
point; the salts are*broaght in, udtwithstandmg that the 
metallic bases a^e still far ahead. 4?hus, after sm, the trans- 
planting of hydrogoi^lrom its prdper ^fillies ^Bierely postpones 
an inconsistency for om> moment. t , « ' „ 

Qp the other baud, it ma}> be maintained ^hat the proper 
place of the important hydrogen^ompounds is after hydrogftUfeS 
it£F most characteristic feature being fo constitu<.e and com- 
‘plete these compounds. The class ‘hydrogen acid’ is connoted - 
by the presence of hydrogem; sulphuretted hydrogen and 
sulphuric a<?id aro mor^ in place among hydrogen acids than 
among sulphi^ compounds. This alone *Would be a strong 
reason for not bringing on hydrogen till the end of the non- 
metals, in^which are contained* the other acid constituents. 
If these acids are disposed of first, 4he interest of hydrogen is 
used up ; except as composing water, everything about it is 
become stale. 

JJeecrijdive GJia'gicters of Chemical Substa^ices. 

T’he *descriptiou of bodies ip Ghepiistry, whether the 
• Simple Bodies or Compounds, should coincide with the 
expository order of the properties -- physical and chemical. 

In Chemistry, ^o less thah in the Natural History sciences, 
a regular and uniform plan, in the descriptive arrangement, is 
more than an aid to memory ; it is farther an instrument of 
inve^tjgAtiou. The plan adopted Chemistry, slightly modi¬ 
fied, Vill serve also in Mineralogy. 

The Chemist professedly exhausts the |^yiical as well as 
the chemical char^ters of each'substance. iHcpce the scheme 
should ciSmprise both groups in the best order of succession'^ 
which 'order, as regards • physical properties, is seen in „the 
^xpdsitiou of Molecular Physics. There aro some open points 
‘of arrangement, chiefly with refer^me to the Crystalline form 
and the OpSical properties. Apart from these, the succession 
would be Molecular Cohesion, Heat, jfeledtricity. If the 
Crystalline form is viewed in the,, first instance as a purely 
. geonielrical ffict, it might take precedence of all Physical 
properties. The Opi'IOAL ptoperties,. stated as such, without 
enquiti^g into their connexions with‘ molecular structure or 
with ohemical arrangements,^ might be given next. The 
priority of these two properties* would’^iiave the expository 
I ^vantage of mentioning first what soonest strikes the senses ; 
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the eye taUng the lead in t^e socatiny of wiiaWev Is visi* 

To the Crystallinei*aiid Optical properties might sahceed the 
Specific Gravity. 

Nhxt in ordeie’wonl^ be the propei’tjps hypothetically re- 
fiuined as Aodes CohfI&ion :—Hardnclfts, Tenacity, filastioity. 

• There woul(^ then Ikncceed tfie properties summed ul^ in 
^BAEsiON : — Solution, diffusion, Osmose, Klfusion and Tra^s* 
piration (of g^asos). , , 

• , The relations to Heat, are given in the following proper¬ 
ties:—Bate of Dilatation; MSlting and Boiling Tempera¬ 
tures ; Conduction-^ Specific Heat, liatent Heat, Radiation, 
Absorption, Refraction, Polarization. ^ ^ 

Relations to Electricij y :—Jdagnetic Property; Conduction 
or Insulation of Fi-iction Electricity; Conduction ordinsulation 
of Voltaic Electricity; pln«b in the Electro-positive to Electro¬ 
negative series ; place in the Thermo-electric series. . ' . 

,Tha,CHEMiCAL proplirtiejiare—Chemical Composition (if not 
an Element); the bodies that the substance *cpmbme ^ith ; 
the circumstances of t|i© ftombiuatioifh ; and thd rfigency .of , 
each in decompositions. • • 

Of these charactei’s, two—Adhesion and Chemical Attrac¬ 
tion—are by their nature correlativf characters ; they involve 
the mutual action of at least ttvo substances. With reference 
to them„ the property of any one body is relative to some, 
second body ; a substance is not universally adhesive, nor 
universally disposed to chemical unions. Hence the ancomit 
of the Aflhesive and the CXiemical properties is coraplihAted* 
and not easy topiauage. There is ^om this cause, an especial 
difficulty in giving an adequate notion of« the bodies ttiat 
happen to cdrne^Bret; indeed it is impossible to do j^istice b) 
Okygen, for example, until a* great, many more bodies are 
desoi*ibed, namely, the long list thal oxygen combines with. 

The propeV course, in 6 u< 4 h circumslnnees, is to avow the* 
difficulty, aifd not fb expdbt tb^f a learner can receive ofber 
than an inadequi|te «r half notion of Oxygen, until he hfis 
come on to the full description of such bodies, as Carbon, Sul¬ 
phur^ Hydrogen, .and a few*of the metals. \ 

Exann^ea of Description. 

(1) Light —A gas. iVansparent and colourless. IiAfex of 

Rerraction,1.00027. ^ • . * 

(2) Specific Oravity^AOh^ ; the atmosphere being 1. • 

(3) AdKeaion for other substances .—Solubility in |vater, froQi 
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about “one fwcntieih tc^ qpe thirtieth of its bulk (.04114 at 
32^ P.; .0^9^9 at SIT F.). 

(4) Relations to Ueat. —Rate of Efilatation nqt stated. As 
regards the teiaperatures of Liquefaction and Pre^zing, has 
never been liquified*although condoqSed tet^fj^^j of its bulk. 
Specific fleat, about o»e fourth of waiter (,24C||^). • * 

C^) Relations to Electricity. —Is a nfagnet g,t common tera- 
pgraturos. In the Voltaic series, it i^at the head of ele(^&* 

, negative elements. » 

^6) Ghemical relations.—Speaking generally, it is the raost.- 
widcly-comi>ining element in^ature. With a doubtful excep¬ 
tion (fluorine), it combines with every known element; not 
merely its natural opposites, the metals, t)iit non-metals like- 
wis<>. Classes of leacfing importance in chemistry are com¬ 
pounds ofc oxygen with the other elements ; the oxides of the 
metals are what are termed baste ; the oxides of the non- 
. metallic elements are generally acids. With Hydrogen, it 
yields water. The act of combining with Carbon, either,alone, 
or i^long wijjh* hydrogen, is the most familiar example *of 
violent and rapid chetflical union,•wi^h evolution of heat and 
ofclight, and is termed ‘ combustion.’ ^ 

The peculiar circumstances attending the combinations of 
oxygen vary with the character of the second element. Thus, 
in the leading fact— I{eff,t cff combination —the maximvim 
, evolved is witlrHydrogen; Carbon yields one fourth of that 
amount; Phosphorus, about a sixth; Sulphur, about a 
fifteenth; Zinc, Iron, Tin, about a twenty-sixth. 

Atomic number, 16. • 

As regards the condilions of entering into combination, 
there is great wiriety, from the extremec of readiness at the 
ordinary temperhturo of the atmo8phere,^»J-*the extreme of 
indifferenoe, conquerei^ only* by the aids to combination, 
namely, artificial condehsatiou, heat, the electric spark, the 
* contiguity of chemical action ali;jBady begun, &c.- Part of the 
p^uliarity is due to the sffi^te of texygeft itself 5—which may 
, ke either in the ordinary atmospheric dilution; or prepared 
apart free from any other gas (whereby all combinations are 
acclqyated) ^ or, lastly, in combination with other bpdies as 
in w^r (a powerful oxit\izer); in the nitrates, in cblof'ate of 
•potqsh—which salts permit of the Iteration of their contained 
oxygin in a highly concentrated form. , 

Local spread of Oxygen .—IJIeed not [)e here detailed. 

Mbdes of obtaining Oxygen. • 

1 doubt|the propriety of inoludiug, under Oxygen, any more 
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detailed account of the oxygon contpounds. Thefre aye*better 
opportunities afterwardg, under the 8ev(yal elements that form 
the other members cfF the compounds,—carbon, hydfogon, the 
metals, &c. * Nor is itpecesjary to bring forward Combustion, 
of ^hich a sensfttional «se is commonlysmade, in the descrip¬ 
tion f)f oxygen.i • A disproportionate prominence is thereby 
given to what is, strictly speakftig, incidental only to soide of . 
^h# modes of oxidntiom, and is found in other chemical com¬ 
binations if fhey happen to be rapid and epergetic. Combustion, 

* is a special thesis under the general head— Chemical Unioi^ its 
conditions, and circumstances—and is of greaU importance 
both theoretically ^d practically, but It need not be appended 
to Oxygen. If involving too much apiicipnticjf of details to 
be given in the preparatory .view of Chemical Combiilbtion 
(where, howe'er, it might bo briefly indicated), il» might be 
brought in at some convenient point, by way of digiesaion, 
as for example, at the end of Carbon, the chief element in 
ordintiry combustion^ * 

Ozone. —A suppo.sed allotropio form of*Qxygea, ynder 
which the oxygen is repdefed more active in enteVmg into jts, 
various combination^, • • 

The specific gravity of ozone is greater than of oxygon.. 

Adhesion, —is not soluble in water, nor in acids or m 
alkalies ; bnt it is soluble in ibdid« of potus^iu. 

Relations to Heat. —Its active character is destroyed by a, 
temperature not much above boiling water. 

Relations to Electricity. —The transmission of a sei-ies* of 
electric sparks through dfy oxygen is one of the mofiiGs oY 
producing it. 

Odour. —It 1ms m characteristic odour, whence its name.* 

Ghemical pr^nies —While it docs •not'combine *vith any 
substaucu but those that oxygen cojnbines with, it combines 
at temperatures, and under circumstances where oxygen does 
not combine. Hence it is a«powerful oxidizing agent—in oxi-*' 
dizing metafs, in destroying vegStable and animal •ompouhds, 
in bleaching, in pqrif^ing the air from miasmata, in stimulaiuig 
the respiratory organs. 

Modes ofpreparmg OzemA. ^ 

Remarks on Ozo7ie.f —It is intecesting to note the pgwer of 
electricity to give a new, combining'aptitude to oxygei^^ 

\Ta$te and Odour iSaay provisionally be* given alter Electricity, and 
before Chenfical properti^. They*ate doubtless a consequence of Chemi¬ 
cal le.actions. * 

The heading * Remark^ is intended, among.other use|, to avoid the \ 
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Nitrogen^ A gas. 

As regai^ds Lights transparent, colourless; Befraoting In¬ 
dex, 1.00f93. • f 

^ecific gravi1^\ —.9713. Atmosphere 1. 

■ AdfeesMw.—Water dissolves about E|j'‘ohirtie^h of its bulk at 
ordinary temperatures* « . ^ 

Illations to Meat. —Dilatation nob stated. Never been 
liouefied. Specific Heat, slightly less than Oxygen, .2368. 

, ^Elelations to Eleetricity. —Next to Sxygen in the Electro¬ 
negative series. 

OAemicaZ ^relations.—Nitrogen enters into a very limited 
number of compoundsi Where it does combine, it is sin¬ 
gularly inert;' ob indi^osed to enter intb combination; de¬ 
manding to be placed in the most stimulating conditions. 
Many interesting consequences in vegetable and in animal life 
are traceable to this peculiarity, v 

. • Compounds with Oxygen. —Recited in so far as illustrating 
Nitrogen. v ' ^ 

Compo.unds \^ith Hydrogen. —Ammonia, &c. ‘ 

^Compounds’ with Gafhon. —Cyanides. 

Spread of Nitrogen.—Modes of.obtaining it. Remarks ;— 
bearipgs upon Chemical theory. 

The next example is a solid element. 

Cakbon.—A solid, in twq stalses—crystallized Diamond, and 
^amorphous Graphite. These occur in such a degree of purity 
that they may be taken as typical of the element. 

{Diamond). —The Crystallization, Optical Properties, Speci¬ 
fic Sfavity, need not be here recited. 

Oohesion. —The hardest^body known; hence at the top of 
the»scale of mineval hardness. ,, ’ 

Adhesion. —A vfery important circumstant^c .'s regards other 
forms.of carbon, but not ascertainable in the diamoud itself. 

Jlelations j;o Heat. —Is'uot fused or volatilized by the highest 
*known heat; is not known to exis^ either as liquid or as vapour. 
An*intens% heat merely redu<bes it to a black opaque mass. 

.Relations to Electricity. — A non-con^potor. Carbon has a 
high relative place in the Electro-negative series (place given). 

Before sta^ng the chemical relations, a similar recital should 
be gi^n for the other form,*'Qraphite, 

• Chemical relations. The* range of elements combining with 
carbo*]^ comprises—Oxygen, Nitrogen, Hydrogen, Phos^orus, 
Sulphur, and many Metals, e^pepially Iron. It does not enter 

confuafon and perplexity of introducing' specillative considerations into 
iho mefoodii^ description. 
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into comlJ^ation unless at bfgh temperatures, aiid then com¬ 
bines with rapidity and copious evolution of beat. * 

Compounds with —Carbonio*Acid, Oarboaio Oxide 

(described ai full length)# 

With Cyftnogdb ; alluded tg, 

Thg otlier coin^undsiniay be postpiyiied. 

, Spread and /Sources«of Carbom—Impure Forms. 

■K Ueiaarhs on Carbon.—Combustion. 

These examples are Sufficient for the purpose of indicating 
a systematic mode of describing the elenfentary bodies^ They 
^ould apply equally to compounds. In them, however,*1110 
chemical relations .involve anotlier ciixiumstauce, namely, the 
modes of decomposftion. 

In certain of the elements, the chtbf practical interqpt is 
found in impi^'e forms—alloys, or mixtures witl^ other in¬ 
gredients ; for example, Iipri. Still, it is desirable, for theo¬ 
retical completeness and consistency, to advert, in the first 
instanuG, to a pure ovtypu^al form, in order to know what the 
sfibstabce is in itself, both physically and ohemicall^. The 
alloys or niixtnres may then bo giucu ; but before "thair 
pt'iictical bearings are* touched upon, their properties aVe 
to be recited as illustrating the changes brought about by 
mixture, thereby contributing facts to the inductive* laws 
of Adhesion. 

8. In* Descriptive Method, it is of importance not to. 

mix explanations and theorizings with the description. 

• • • * 

In describing a quality, Ihe first thing is to state precisely 
what it consists in,^or how it is discriminated. Moreover, the 
whole series of qi^p-lities should be* gone tlirough, in the first 
instance, and y?'-^ttempt made to cenuest them with on© 
another, or with other properties, in general laws. _ This 
last,operation should always be ke^t distinct. The remark 
applies to every science where description outers. • 

9. When* bodies* are closely*allied in their nature, and 
are in consequences grouped as genera, their ditferenoe^ 
should be exhibited iij marked contrast. 

The * Halogens' among the ndli-metals, the Petals the 
Alkalies, (be., make groups or geue'ra, with agreeing pebuliari- 
ties. These joints of ^reement are stated at the oaQset, so 
asi;o abbreviate the details of the species. Attention should 
next be giVen to cont^ting pointedly the agreeing mqpibers 
among themselves. Thus Sodium and Potassium agree to a 
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very large OTtent; and after tHe agreements, thd ^ differences 
should bo given in a tabular antithesis. • 

10. The generalities of Chemistry ate Empirioal Laws. 

• The *AtomiG ^rheory is commctnly caid be the liighest 
generalizatioh of tjjjemistry. This, however, must be 
guq^'dedly stated so as not ^ confound definition with pro¬ 
positions. The nature of Chetaical Attraction is expressed in 
a •complex definition (Definite numbers, Producfpon of Heat, 
’Merging of elements). There may be real predication in 
declaring these three facts tg be conjoined; and their con¬ 
junction mtfy be resolved into higher laws, or converted from 
an empirical 4^0 «. derivative coujunction. • 

Tj^e propositions, in* connexion with Chemical action, that 
have in the highest degree the character of rea| concomil^ace, 
are those that affirm the conditions, arrangements, or situa¬ 
tions attendant on combination ana on decomposition. 

For example, Combination requjres proximity of the ele¬ 
ments, and isflfav'oured by all the circumstances that aid 
pfoxirnfly, as 4iqnefactv>n; it is related by strong cohesive or 
adhesive forces, and proceeds as these are released. It is 
brought on by elevation of temperature in numerous instauces. 
It is^uduced by the electric spark; which may operate by 
mere rise of temperature, but ntore probably by polarizing the 
atoms. It is promoted by dbneurriug combinations ; it acoom- 
•panies decompositions. These are all empirical laws. They 
arc, moreover, statements as to general tendency, and need to 
apHbxnpanied, each with a schedule, stating the individual 
subslbancos and situations of their applicability. 

Many other laws mighf be citedThe celebrated law of 
Berihollet, rogartling the double decomposity;!! of salts ; the 
laws that simple substances exhibit the strongest affinities,— 
that compounds are moio fusible than their elements,—that 
,coidbinatioD: tends to a lower state of matter—from gas down 
to fiolid. ^ .p ' - 

As Empirical laws, these have no other verification but 
Agreement; they are only surmised to be laws of causation ; 
they are limited to adjacent oases. ^ 

11. ‘‘The ultimate generaKzations of Chemistry must fall 

under the Law of ConseWation of Force, and must express 
the liibst generalized conditions of the re-distribution of 
Chemical Force. ' . » *■ 

I. 

The Law of Persistence over-rides every phenomenon of 
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ohange, bftS it: must be acconf^anied ia eaob case •with Jaws of 
Gollocatiou. In Chemistry, there *must be indicjutod the pre¬ 
cise conditions of c;];ieDiical re-distribn^on, whcthei; in cum- 
bination.or ih decomposition. It is necessary to find^ou,!, 
the^ost gener^^ forna^ the* situation or eituaiions that bring 
about charaical .ohang^ in either direction. IT this can be 
compi'ehended ill*one, law, that* will be the highest, theyiUi- 
inate law of Chbrnistry, the Chemical appendage of the Law of 
C/ot»servatio|^. The Ehnpirical laws above quoted will then 
have the improved character attaching to Derivative laws. 


12. Chemistry contains, a3*a part of its nq/ure, nume¬ 
rous Hypotheses. -^These are mainly of the class named 
Representative Fictions. 

To express in the most general terms the nninerous pHouo- 
meiia of combination and decomposition, certain arAngeraonts 
of the component elements of the compounds are assumed 
hypothetically. Itij^a/oc^ that sulphate of potash cohtainflf 
certaN proportions, by weight, of sulphur, oxygen, and potas¬ 
sium ; it is a hypothesis that the igilt is madq up in the 
paiiticular way shown by tSe formula KOjSOg, beiil^ a binary < 
compound of two otbter corflpounds. 

The Atomic Theory of Dalton contained a generalizatton of 
facts embedded in Hypothesif^ The facts were the fixed pro¬ 
portions of bodies combining cheiftically; ting hypothesis, that 
each substance is composed of atoms, and that, in chemical* 
union, an atom of one substance joins vrith one, or with two, 
or with jnore atoms of another; there being alwayVs/ieafc 
numerical relation withonJ remainder. No one now regards 
this as more than* a representatiii^ fiction, unsusceptible of 
any other proo^^tliin its facility in expressiife the facts. 

. The Constitution of Salta ,is the great battle g^-ound of 
chemical hypotheses, being the key,to the entire structure of 
chemical representation. There is, however, a perfect underi^ 
standing as ^o the pature,df tl^ proof to be offered for,the 
rival hypotheses, namely, the Suitability to conip*rehend the 
greatest number of Aiemical re-actions, or combinations ahd 
decompositions. It is a question purely ohemical, and not in 
anywisb logical ih the sense of demanding attenTion td^be re- 
culled to neglected logical priuciplcg. 

As examples of the suTiordinate hypothetical points, ige may 
qupte the Singular idea of sunposing.an element to combine 
with itself*—hydrogen*with hydrogen, chlorine with chjorinei, 
and BO on i a very great stretch, seeing that opposition of ele^ 
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sicnth IQ a pledicate of cbi^niinaf union. A better*example of 
X likely hypcJtbesis is the pi'oposal to assign to bodies ot dif¬ 
ferent properties, havl^jg the same ulthna^e constitution, a dif- 
fero*t,jyoximat^ Constitution; as fcArnic ether and acetate of 
inethyi. Tho^ hold hypothesis of Crerbjfrdt Griffin—tf re^ 

gard as f?wo substance^, iron when onteripg^into |frotOipalts, 
andi|vhen entering into sesqnioaalts, and<the s^e with all otheir 
elements producing sesquioxide.^—was considered as a reJieC* 
I'viftn otlierwise inextricable difficulties.* • 

The hypothesis of fhe Atom, or lowest chemical constituent , 
is nbw coupled with another kypothetical entity—the molficul^ 
regreseuling the smallest number of atoma of each substance 
sapposetl to«pdllsess separate action. Thus the molecule 
of nitrogen is said to bd made up of 2 atoms; the phosphorus 
and arAeiij^utu molecules, 4 atoms, and so on. • 

When a unmber of different salt* arc in the same solution, 
as in a mineral water, it is a matter of hypothesis wliich acid 
is attached to which base. (Millur’g CluMnistry, II. 824.j 
The class of IKcientific Hypothesis consisting of mviferijiid 
ihtoi'U'^y doesnbt vcijuir# spt'cial riK^ilion in Chemistry. Apart 
li’opi the vepvescutative tictious, essi'nlial and permanent in the 
.‘science, tlu’te are no hypothetic forces agents. The great 
prevailing agent or cause of chemical ehaiigt? is, and can only 
lx*, a molecular aspect of tlie groat primeval force named under 
the Law of (‘oiii#Tvutioii. ^ntil the siippleiueut of this law, 
as roganls chemical transformation—the universal conditions 
or iJollpgatioiis—be worked out, there will be many hypotheti- 
<^d ^(w7ora/toi«, wliieli will be susceptible of final ^roof or 
disproof. 

Nomenclof^re and Ohssijication ojlplj^istry. 

13. .Tlie Noinenchiture aud*tlie Classification of Chemi¬ 
stry involve these points ;—(1) The use of a symbol for 
Inch elementary substance; (2) The expression of the 
ultiViiate constitution of cofTipouiiTls ; (3) an expression of 
tlw' siqiposed jiroxiinate constitution of each compound in 
a manner suited to its re-actions with other bodies. 

(1) The symbolical notatidh has the advantage of affording 
a.brierand yet full expression to the.most complicated com¬ 
pound^, rivalling, in thi.s l espect, the notation of Mathematics. 
It also enables bodies of Hke dqiqpusitiou td be readily class.id, 
end tWir class indicated to the eye. 

Thonoinenelature^for expi'cssing in terms the vaiioas bodies 
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is made of the names of*the elements—Oarboni 
Iron, Silver—and* of a systematic mode of aolt^ those io 
compGaad8>--oarboQio abid, carbnret oflron, Sdq, Only binary 
oomponnds 4re stateable in this way; a higb^ oombiyation i| 
exp^ssed in some sapposed'biuary resolution—snlphnrio acid, 
acetf^ a& potasBi^chlorVie of formyl. ^Sabstanoes tike siif,^, 
starcQ, albumen* are given in 4hoir familiar names. I|onoo 
^‘dotible namiDg*is, in Chomistfy, a special and limited process; 
and has no*analogy tO the names of species in Botany liac^ 
Zoology. * 

* (2) The notation exhibits tlie ultimate consti^utioa of all 
compound bodies, .by stating their constituents and the pro¬ 
portions of oaoh ; H| 0 is the analysis of wute*^; li 0, protoxide 
of iron ; Fj 0», peroxide or sosquioxidfi. • 

(3) The syjnbols are farther accommodated t<^ give the 
hypothetical upbuilding tiic elements in complicated com¬ 
pounds ; as in the theory of Salts. The nltimato anniysiit gives, 
the amount of oxygen in a« 0 (>mpound, and the forniala .states 
iif wh’at ways tho oxygen is supposed to be tiiatribuljed j an 
oxygen salt, in the old theory was % binary* ooippound ]of 
twa oxidized radicles, Ihe oxide of anon-metal (as sulpbpr) 
and of a metal (as irorf); snlphate of iron (protoxide) S Oj Pe O. 
The analytical (or Empirical) formula of acetic acid isC* 1^0^; 
of the mtional or hypothetical formula, there are no less than 
seVon renderings (Miller’s Chemistry, vol. HH, p. 6). 

14. A desideratum in Chemical Nomenclature is the 

statement of the structural Heat of the bodies. 

0 ^ 

The formula Ha 0 is given indi^hrently for steam, water, 

, and ice ; althoi%h Jthe exact dillbrence of structural heab is 
the three admi^ o# numerical statement. Calling Ha O ; 
Wf may call water Ha O -j- ; steam Ela 0 -j- 1180“, on 

the ^snal reckoning of the heat of boiling and of evaporation. 

Farther, when Hydrogen and Oxygen combine, there is' 
a great evoln^ion of struc^aral heat, which is lost ta tho edm- 
pound; a provision ^ight be made for indicating the exa^t 
figure, which has beea found ont by experiment; a certain* 
minute jquantitv would be attached to Ha 0, on tliis oegonnt, 
and abo*at one fourth of that quaiftity to C Oa. 
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CHAPTER I¥. 

■ 

lo6^ op biology. 

1. Biology 18 the Science of hiving Bodies—Plants artd ^ 
AniJnals ; its exact definition is the definition o&Life. 

Definition^ of Life. 

% liife is to defhied by a generalization of what is 
common to LTving Bocyes. 

• The Doi]n>tation of the term 'Living Body well fixed; 
there is scarcely oven a debatealjl© margin between the 
Organic and the Inorg&nic worlds. 

Choosing Assimilation as a charac|eri8tic fact of bodily life, 
and Beasouing, a« an example of menial life, and contracting 
Im)Ai \0itA the dluvracterssof dead mt^/ter, Mr. Herbert Spencer 
Vrnyes at.tlio following highly comj)lex*definition ;— • 

• 1. Life contains a process or processes t)f change. 

2. The change is not a simple or individual act, but a series 

or Hwcession oj changes. • 

3. Life involvdi^a pluralify of simultaneous^ as well as snd- 

• dessive changes. * 

4. Thy changes are heterogeneous^ or various in chai*acter. 

• 5. /irtie various changes all comhipe to a definite resplt. 

(>.« Finally, the changos^are in correspondence with external 
co^exfstenees and sequences. * * • 

In sum :—Life is a s^t of changes, simalt&ae#aa and snccea- 
sivo, comnined to a definite result, and in oorrespoudeuce wi^ 
oxtorual circumstances. '•Or, in a briefer form. Life is the 
.eontinuons adjustment of internal relations to external rala- 
tioiMi. ^ 

So carefully has the oomp^ison been conducted, that no 
exception coold be taken to any part of t£is definition. Every 
one of the p^rtionlars occurs in living bodies, and in no 
kind olf dead matter. The apparent defect of the definition is 
ojnaissidn; it does not expless or seem to suggest points that 
strike Che ordinary observer. For example, there is no allusion 
to the organised stmetnre^ at the foundation of Which is |ihe 
peonlier constituent known as iKe cell, (!ir nucleated corpuscle. 
Aifsin, there is no mention of toe individual and independent 
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existence of living, bodies; with tirhicb is also lusociated the 
cycle of birth, growth, i^d death. • 

These .omissions, real gr apparent^ might be defendej^ or 
explained on*one of th^ different ground. 

First, migtil* be saj^d^^ that the facts^mentiohed/ although 
present and conspicuous in many or ia*mo8t living bodie^'are 
not found in a^l, and therefore cannot be adopted into the 
^general definition. They can be taken notice of only*in 
dofiniug the* classes or subdivisions of the whole kingdom of* 
evoimated nature. This remark jwould be a sufficient justifica¬ 
tion, if it were true ; bat it is not true, at least tib the extent 
of excluding the mention of the circumsUuiqps from the 
dotiuitiou. • ^ 

Secondly, it might bo said, that the definition doi^B not aim 
at being exhaifstivc, but only at being discriminative; while 
it is based on essential chal*actcrB, it does not profess to give 
all the essential chai^actcrs. Enough is given to prevent ns 
frym e^^er confounding a plant or an animak with a stone; 
but there is no intention of stating every feature'that s^atat^ 
livmg bodies from the inanimate world. * 

To this the obvions reply would be, why should all the 
essential characters not be given? There is no app&rent 
reason for omitting in the statement whatever can dis* 
covered as common to the wholfl deportnnipt of animated 
nature. • 

Thirdly, it might be alleged, that the aspects in questigh 
although not appearing on the surface of the definitioV«are« 
yet implicated on it, and are unfolded in the dne coarse of the 
exposition. The definition, it may be said, goes to the root of 
the matter; whMe else branches out fromjlbat, and is duly 
unfolded in the bnbsequent exposition of the science. * 

Ibi order, however, to bring forward^ at once whatever be 
assighed as general characters of living bodies, whether 
prix^ry or derived, we sh^JI re-cast the detinitiom and dis¬ 
tribute it unffer the heads—CouSutueni Elements, otmeture, 
and Functions. • * * • 

3. I. ^Living bodies are constituted from eleuents^otn- 
luon to them witH the inorgaiiic*>Yorld. • 

The chief constituents of Living bodies are these fbar*— 
Carbon, Hydrogen, .Oxygen, Nitrogen ; the last. Nitrogen, 
being mos^ abqudwt^nn aaidials. To these are added, in 
Bmalier proportions, Plibsphoroas, Calcium, Sulphur, Chlorine^ 
Fluorine, Sodinm, Potassium, Iron, Magm^am, Silicon. * 
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The variotts properties,•Physical and Chemical, belongia^ 
to the soyoral element are found operative in their organized 
forr^. All the mechanical and moJeculSt laws jire traceable 
in livfn'g bodies? 

Chornieally considered, organic bodies,'sare exceedingly 
complex compounds. •I’he d^artiiAiit of Organic ^hemistpy 
is ilovoted expressly to these c^mpounSs. AiJcording to .the 
clfemical reckoning, a single atom of qip organic substance a» 
'sugar, starch, albumen, contains hundreds of sinfple chemical 
atcmiB; the atom of albumen is said to be made np of 880, 
atoms of tb0 four chief organic elements. 

II. Witlwefbreiice to STRUCTURE, 

(1) Living liodies possess a peculiar strnctnral complexity, 
commonly called the Organized Structure. AssSoiated with oui 
notions of life is a .certain meclJhnism, or machinery, very 
' vai'iolts in its extent and complication in individuals ; attain¬ 
ing in the higher animals a degree*Df odmplicated adjustment 
uiiequflAledjmany otlier department of nature. Sucli struc- 

' tnres as tbe eye, the oar, the brafti, qf human beings are, in 
<)t!r conceptions, the very acme ul» struojifiral mechanism. *- 

lb*is now known that the ultimate constituent of all tho 
variety of stractures is a microscope element called a cell^ or 
nucleated corpi^le ; by wliose*aggregjitions and transforipa- 

• tions, tissues are formed, which tissues make up thp organs. 

It is true that in certain low forms, both plants and animals, 

•tlK^gtllular structure is not apparent, and therefore its visible 
pechliarities — namely, the bouftding pellicle and internal 
iu?cUujs—are not absoliftely essential; still,^we cannot omit 
from tho dofinitioii an arrangouieut so oompjetely hound up 
with all living uatuVe, tho few apparodt oKchptions being 
equivocal. , • 

(2) Another prominent feature of the living structure is 
Individuality or individuation. Jhiving matter instead of exist¬ 
ing in vtst continuous mlUses, like r<tek, is separated into 

• distinct individuals. As with other peculiarities, however, 
there is an ambiguous margin here also. In animal life gene- 
mllyf and ii plant life generally,*we have po misgiving as to 
individual existence; men, sheep, forest oaks, are dl Sstinot 
aad,^parate. Still, a shientitle ddipiitiun must grapple with 
the whole field of caaoi^ haying merely tho requisite latitude 
of a Bipall doubtful mar«n.. - Mr. Spencer defines the iudi- 
vidna), with reference to bis definition v>f Life) ns ^y oonorete 
whole pei^brming within itself, idl the adjustments of internal * 
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to external relations, so asT to ruaiuiam its o\yu existence. 
This detiuition, to a certain extent anticipates TVcfrction, but 
so does any adeqna^ statement of Sti^ctnro ; the separation 
of Struotarl and Function is one of great Idj^cal oonYenience, 
bnt, in nature, the tiv« thiAgs are insep^ble. 

With*t[ndiviaqality Vhoro is closelji associated, in oiir con¬ 
ceptions of livid^ beings, the Cycle of existence, the deriq^tion 
of one living l^ing from others, and the necessary termination 
o^cacb in4ividaar8 dkistence, after a definite career. HSro, 
too, we may seem to adticipate what belongs to Fundtion. 

• (3) We may not improperly state in couiiexion with sfrac- 
tiire, and as following on Individuality, a circumstance, so 
iiotorions, that to <Anit it from the compreheifSive statement of 
life would appear inexplicable, namely, the vast Vati^y of^ 
Forms attd S^uctures. Uniformity, comparativelji speaking, 
pervades dead matter j variety is the characteristic of living 

substances. The different forms of Plants and of Animals 

• * 

count by thousands ; there are upwards of one huridi’od 
Biiou^nd species of Plants, and a still greater nqmber of 
Animal Species; while of.ovory one •f these tfistinot spoofes, 
tli^re is an milefiuite Anceasiiig multiplication of mdividtyils/ 
nearly, although nof absolutely alike. 

Oue of the chief demands of Biological science is to fTu<l an 
orderly uiTangement for such a host of various forms. This 
makes Biology, inter aliu, a science of ClaeSiGeation. 

HI. As to Functions. 

The living structure is natiirqliy active, changing,*|WQd!i 9 > 
tive, and its most cliaracteristic jannts must have rof'erence to 
these activities Here we may eifiCrace the suhslancc of, Mr. 
Bpeucer’s deliuit^n, in two principal he]lds—Change, and 
Adjustmont*t(f external circoipstanccB.* * 

* (1) A definite combination of (Ranges, simultaneous and 
feuctiessive. , 

J2) An adjustmept to q^ternal circumstances. , 

(3) It must seem nnpardomUjIe, however, not fb bring out 
into prominent 8tatC|ncut at the outset, that very remarkable 
phenomenon of living bodies, to which there is no exception, 
nantcly, Asnmilatumt or tbe poiver of an existtug oi^nized 
pBriicfe, to impart its own organization to an adjoining particle 
having the p^per cheiliical oousiiiotion. This magif^touch 
of vitalityf has only a faint parallel aniong inanimate bodies; 
combastioii, a^d chemical cotnrbinations generally, make beta 
small approach to h. Its lesser manifestations are in the 
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renewal,' .by siitrition, of tl^e livTng tissues; its cnftaination 
is in the thrrrfwing off of the germ, or seed, apparently homo* 
geneous ai!d strncturellss, but possess^ af interior markings 
that decide whetJfer its future is to«be a man oi an* oak; a 
white man, or negrpi; a flat nosed or Jtn aqu]|ine*noBed njan 
or wpman.* We may qpt be able to*consider whether^this 
greats property be essential aad fandamentafj or whether it^ 
be derived from other properties,*already given in the deflni< , 
lion. ^ / • . *. * 

Wo may repeat under this head,‘the peculiarity above 
adverted to, under individuality of structure—the Cycle of* 
existence, or oirth, growth, and death. 

(4) It cann«t Bb irrelevant to the comprehensive definition 
Jx> a^ert to the connexion of Mind with Living Bodies. 
True, this ds not a concomitant of all living (bodies, yet it 
appears only in connexion with th^ living form. When we 
make the first great division of life, into Plants and Animals, 
we obtain the more precise boundary of the mental manifesta¬ 
tions. Still, at' the very outset, we are interested to '^Icno'^ 
Jjhi^t ^is (jbar^teristic* manifestation appears only in the 
department of living structures. 

* The^foregoing definition professes to llave out no fact that 
can be found inhering in all living bodies. The first requisite 
in defining is to be exhaustive f it is an after operation, of 
great scientific l^erest, to trace the dependence of one or 

• more properties upon the others, and to assign what'appears 
to ho ultimate and underivable properties. At present, 
lft»w<ty^r, all such derivation is but Jtentative and hypathetical, 
and therefore, is not suit^le to be brought forward at the 
commencement ihe subject. Provisionally^ these various 
j)eculiavi4ie8 are to be dield as distinct; no*^nq being assign¬ 
able aa a derivative of anutber. • 

Divisions of Biology. 

' A. The Divisions of Biology are in conformity with the 
Definition. * • 

The Jrst part of the Definition refers to the Organic Obemi- 
strj' ot Life. This subjccii’is partly*given under Chemistry, 
and phitly as the Introduction to Bio^gy. 

The two other parts of thn definition suppose a separate 
consideration of Structure and'oi Funefipn. We should fully 
understand ^the reasons and the limits of this separatiou. 
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These^wo facts are inseparable in the reality. Bat as, in ' 
less complicated 'Subjects than l^fei we have'o&sn* to make 
abstraction of soma^imlitieB to the ezftlasion of otbera where ■ 
there is’nolactaal separation possible^ so in^the present case 
wa find it ad^sable ^to cOnsider Strngtare b;^ itsotf,' before 
viewing at as ceijnecteV with Functicgji. 

this separation may he carried to an unjastjjpable 
extreme. As soon as the mind has perfectly comprehended a 
structural arraugemeilt, we are prepared to enter upon the Rses 
or functions of that arrangement. Infleed, while the know- 
'ledge of the strnctare is still fiesh, the knowledge of fnnttion 
should be imparted. Function conipletes andnfixes the idea 
of structure, in SfFfar as the two are manrfestly connected. 
The only reason for not following up*the account of strijpturej^ 
with the accgunt of functiofl, for every distinct living organ* 
would be the necessity pf viewing Function as a connected 
whole, and therefore not to be entered on unless it could l)o 
given as a whole. • For,example, the Function of Digestion 
tjoufd not be entered on till the entire greup of alimentary 
organs were structurally described. • • . ’ • • 

• The separation of the two subjects is carried t(f a questton* 
able extreme in thb special Biology of man; Anatomy‘and* 
Physiology being, by present convention, treated in distinct 
works, and taught by distiact teachers in the schools. The 
just middle plan would be to include botfwin one work, and 
to append to the Anatomy of each organ—Bones, Muscle®,, 
Heart, &c.—the Physiology or function. ^ 

In the usual treatment.of Piimt Biology, Structuraf J^tauy 
is given first, Physiological Botaqy next (in the same treat¬ 
ise) ; the stifde^t being made ^o wait for the accoupt of 
Function in qpy«rgan until Structui’p haabeen gone through 
iin every organ. The justifying reasons are probably these:— 
(1} It is possible to carry provisidUally the whole structure 
in the mind, without the assistance that function would giv^^ 
iLud (2) thfre is a eonveiai&icc ^ treating function as ou un¬ 
broken whole. • * • 

In Animal Bidlo^, the branch called Comparative Anatbmy 
takes^ each organ apart, npving both structure and function, 
and exhausting*the varieties of each through the aninftil series. • 

Structure has to be viewed, iil jts successive modifications, 
through thcf cycle of the individual life. This ier called 
ISmbryolbgy. A'still more extended view is the considera¬ 
tion of Recessive ^fractures* in the hereditary lin^ where 
there may occur cbanfires reauirinsr to bo taken acooaut of,. 
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■ being ie inkial step of the new/*biological departafent called 
Evolutioiw* * • . . 

It is p^joper to generalize to the atmoat^ the wide variety of 
strnctores, and to exhibit all the generalities aplirt as giving 
a ii*ent%l comniKnd of the entii% fieid. S|fch generalities 
would be ei.lldd Genefel Morphology, a£d Geyeral Embryology, 
Fdn(JTIon, or Physiology, is^n account of «fil the living pro- 
' rcsses, in the most convenient order; all thoSe changes c6n<, 
.stiinting Life—changes simultaneous %nd snccensive, confri- 
1)oting to a definite result, and adaptiftg each organism to the , 
environment. Here there is ap unlimited scope for inductions* 
and for deductions, confronting and correcting one another. 
Tiib high ge^praiiiies of Function comprobending all Life, if 
such there bo, would form a General Physiology. 

Tno snbiect of Evolution involves the mutipil actions and 
inodificati^s of Strncinre and Function. It deals with the 
general truth that when external circumstances demand and 
prompt au increase of'fuuction (as v^hen an animal is called to 
exert nnusnal ujuscnlar energy) the structure is liablc'to Ub 
i(.sreased,ai;d thus to increase the function apart from stimn- 
ilalnon. This i4S one way of the supposed re-action of Strnotmre 
and Function. Another way is ^y MP. Darwin’s Natural 
8electson, or Survival of tlie Fittest. The carrying out of these 
principles is the substance of the great Biological Hypothesis 
of Development |» Evolution, 

• Biology can to a certain extent be treated as a whole, there 
being certain things conmuni to living beings—Coustitneuts, 
Ijtrucyifo, Futtetiou and Evobitiou ^ it would then have to be 
dividbd, as has always been usual, into Plant Life and Animal 
liifoj; each of these subjects being subdivide'd afccordiugto the 

plan above laid ddwn for the whole. t 

• * 

Hcmaining^ Notvym of Biology. 

The general detinitiou of Life has been seen to carry with 
’it t)ie definitions of Organkatioitf fCellf Brotoplqpn, Assimi^ 
lalion^ Indi&ulmlf Oerm, Beproduclion, Growth^ Death. 

, The SMoializing of the structui’es and;functions introduces 
man? other Notions. 

Pwnii—Auirwittl,—The greatest line of demarcation iu'living 
bodies is between Plants and Animus; these arc the two 
highesi^ genera of living bodies, a perfect dichotomy of the 
whole. Allowing for a doubtful margin, the distinctive 
oharaoteI:^ are numerous and irfiportailc. As in aH dichoto¬ 
mies, wo have the advantages of a definition by Antithesis. 
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The leading characters ma^Tbe steted in contrast thps 
Plant, y * AnimaL. •** 

Number atid compj0BUif of TiaaueSf OrfanSj and FunotUms. 

• Shnall • Great • 

• Loea^habitation. ^ > 

Fixed. • I^oveable (tjocDmotion) 

• Food mcUenaU. 

Inorganic w Organic 

• Mod^of r&^tion of Food. 

Absorption * Bedbption into a* month 

and stomach * 


. Pruceaa of nutriiicei. 

Deoxidation Oxidation, 

Tiaaue. Organ. Vessel .—^These are\;umprehen8ive pai^ or 
constituents of«the organized 'straotaroy as made up of cells ; 
they are common to all Jiving bodies, and admit of exact 
definition. There is a difierence between the TisHue and the 
Organ; one Organ,*as Uio stomach, may contain several 
tiSsneV. Each Tissue is analyzed into a distinet cell strnoture, 
which is its defining peoulj 4 |,rity as regards slruStune^ to ^liidh 
there also corresponds*a certain kind of activity or. 

Thus, the nervous ti^ne is made up of nerve fibres and nerve 
cells, in a special aggregation ; these are connected wifh the 
peculiar activity or fuuctiom called nerve function, or the 
manifestation of nerve force. 

The v*iew of Plant Life contains the definitions of the* 
atructural parte of the plant. , ' 

Cellular Tissue Integument (Stomata, Hairs, GfcR|d8)* 

Vessels Root 

Vascular Tissiio Stem 

. ^ • Leaves , - 

• Infloreseenoe (Flower, Fruit, Germ). 

F^om the enormous number and •Variety of plants, a great 
efibii is needed to present these parts in their widest geuer*« 
ality; while, the general id^a ignst be accompaiyed with a 
ola^fied detail of modifications.* 

Definitions mnSt &o be given of the proceaeea of Pianil 
Life. 


tlsmose 

Exhalation 

Transpiration 

SeofetioD 

IrritabilUy and^Oontraofility 
Defoliation 

Cireq^tion, sap, capillarity 

# A .. 


Flowering 
Vigils of Plan& 
Sexual union I* 
Impregnation 
Feenndationr < 
Germination 
Ppogagatibn. 
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A se^ of flotions, parallel but more numerous a^d compli¬ 
cated, boW^ to the description of Animal Life as a whole. 
The modifications of^he ultimate muteisalB are described as 
hla^mia or mainw, crystals, jjrotoplmsm, granulei^ homogeneous 
y^emhrtnw, vesi^s, tj^clei, uucUatM celh, simplp Jibres, nucleated 
fibres, compound Jibres,^nd tubes. Tl^jse ar^compotmdQ^ into 
the^haracteristic Tissues — Chllular, Adipose* Vascular, Carti^ 
lagmous, Osseous, Musadar, Elastic, Epithelial, Nervous. ^h€b 
OliOANS are Bones, Muscles, Alimenfhry Canals Beapiratory 
‘Organ#, Heart and Blood Vessels, S/inpathetics, Skin, Brain,, 
Solises, Ueproductive Organ®. The Functions follow th*e 
Organs; anu in several instances, give these their distinctive 
names. 

l^e Classification oi* Plants and of Animals gives scope for 
Definitiot^oH applied to the several grades. 

5. In these detaihui Notions, ife have t\iG analysis of the 
•Living Organism—rPlant or Animal. 

An organisn» is by its very nature a complexity.* In' a 
seieiliihe con#lderatioiiithis complexity has to be resolved into 
’ the relate?! parts—organs, tissues^ constitnonts. The lav^ of 
structure me laws of relations of the*parts to each other; 
and ff oui- Hualysis has hit the natural partition, it is the basis 
of our subsequent statements, hi propositions, of the natural 
relations. It th^annlysis is inexact, no exact proposjtions can 
• be grounded on it. 

Propositions of Biology 

• ^ 

6. I he Laws and Pwqiositions ol Biology differ in their 
logical character, according as they relate to Structure or 
to Funotion. • 

w c 

Firkt, as to Struoture*- 

The propositions or laws of Structure, affirm.co«existenoe, 
as prder in place, between % diff^ent parts of living bodies. 
Human Anatpuiy i.s a vn.si Vjon^ries of such propositions. 
•Hon iar the c<i existences are ultimately detpendent on Causa¬ 
tion, rests with the theory of Evolution. In the meantime, 
they.ilMJ to Be regardcil inaiuly as Co-existence without Oansa- 
tion. ‘ ^ 

Tliqso propivsitious may bo special fb individuals and limited 
groups ot individual.^; or they may be generalized over werv 
wide areas. The narrow clasft is exenfjilified in htiman Ana¬ 
tomy, aud in all specific descriptions whether of nlants or oF 
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BAinialB. ^igli generalities, fealizyig the scientific Ideal of 
Biology, are not wanting. For example, in Planlis^all the 
parts are homogeneoBi^tf structure; or, aS otbervrise expressed, 
the flowers a4e modified loaves; the monoootyledonou^ mode 
of gQrminatioh cgiexistowitlf the endogenous mo(^e ofgrowthif 
flowenng- plants a^e gen^lly multiaxie^; complexity‘of struc* 
tnre is accompanted with permanence of form. In Aninqpls, 
^e have the anciently observed coincidence of ruminant sto* 
madh, cloven hoof, an<^ horns; the grouping of manimalidu 
characteristics—m’ammtd| non<nucleated ^ed biood.corj^uscleK, 
*tWo occipital condyles, with a wolbossified basi-oc^ipital, each 
ramus of the mandi.ble composed of a single piece of bone aijid 
articulated with the^quamosal element of tbe*sksfi]. 

Viewed, in the first instfmce at leasts as co-existences vdth- 
out causal couBexion, these pfopositions must be %Qrified by 
agreement through all iial^re, and held as true only to the 
extent observed. 

There are numerous and striking co-existences between 
' Strucfsre and External circumstances, the scaoalled Ad^ta* 
tions of one to the other; but in thcs» there il a 'great pr^- 
sniaption of cause and dflect; they furnish the best support|o 
the doctrine of Evohftion. 

There are likewise laws of causation, more or less traceable, 
in the operation of all tbe autward agents. Thus, Heat, 
Light, Air, and Moisture, are essenlial or cadial conditions of 
tbe growth of plants. Light is necessary to tbe colour of the 
leaves. The oxygen of the air is an indispensable copbitien 
of all animal life. Many other laws of causation are occupied* 
in expressing the i^ency of diflerejjt kinds of food, of medi- 
. oines, Ac. • ^ 

There are lav^s of cause and eflect, in. tbe cnutual actions of 
difierent organs, in each individual plant or animal. Xhus, 
in aiymals, the digestive organs afiect, and are afifected by 
the circulation, the muscles, ^d the brain. 

7..-Next eta to FohxTioS, or Physiology. 

The propositions helo affirm Cause and Efiect. The process' 
of Digestion, for example, iff an effect of the contact of food 
mateiiat with thd complicated alimentary organs. Jri like 
manner, every organ of every liviQg being has a fiinbtiou,. 
more or less assignable. ^ 

1% is a deduction from the pejrmluienee of Matter, established 
sinoe tbe rcsearehes of^Lavoisier’ as a law of nature, that what¬ 
ever matenials exist in plants and in animals, must be sup- 
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plied ep a cttoditioa of thejr grtfwth. Plants being^oonstituted 
from Caifeid, Oxygen, Hydrogen, Nitnogem (in small portionsX 
and Saline bodies,—^ust find all tl|Bslfc^lement8 in the earth 
or«ii^ the air. ^The animal tissueai being bighlf nitrogenonSi 
4 g.nirnats mnst nave^itrogenons Tood.* The^astrio juic^ con¬ 
tains Uydroohloi'ic acyJ, whence th^ iiecci^ity ofusalt^as an 
arj^cie of food. 

, 8. The law of the Gonsefvation of Force, and all* thfe 
subordinate geneializations of Molecular Thysics and 
Chemistry, are carried up pto Biology. 

^ The lnw*of Coriscrvation holds true in organic changes, and 
is a deductive *key to the phenomena. *Every manifestation 
of 4bvoe in a living Itody—mechanical energy, heat, decom- ' 
position §f componnds,—is dofivable from some prior force of 
exactly equivalent amount. « 

The laws of Cohesion, Adhesion (in all the forms—Solution. 
Capillary Attraction, Diffusion, Oanosen TranspirationHeat, 
iiight,,Electricity, and the laws of Chuiuical combinu^ou * 
docoinpogitioh, are cifrricd up iuto organic bodies. In the 
pyesont.advanced state of knowledge respecting these lnw8» 
there are many deductive applieat.ionsVf them to tiie pheno¬ 
mena of life. The complications of Biology are thus, in part, 
susceptible of being unravelled* by pure deduction. 

.So lar us co*8erns Force, or energy, in any sliape, tliero is 

nothing special to living bodies. As regards Collocation, 

thoiHVV3 the peculiarity of the organized structure. It is not 

'eoi^jt to speak of Vital Force wi any other sense than the 

molecular and ohoraicaUforces, operating in a now situation. 

It^would bo strictly proper to speak of ^ Vital Collocation of ^ 

idoments, nndoi» which the molecular foreps* put on new 

aspects, although never iuco«si.stent with the primary law of 

i'Oiiservation. Thus th*6 nerve force is something new, not as 

regards its derivation from an antecedent equivalent of ibroe, 

but as regards the siiigulasity ofHho nerve stnactare, which 

Ipads to a neW mode in the manifestation of the force. 

* ^ 1 

9. lu the department of Function! there are necessarily 
many Emjlirical luductious. * 

^ l'JS^jeptiDg the deduotibas from. Physics and Chemistry, 
evoiy law of Biology must be considered as empirical There 
are, however, some emjlirical Jaws established by an agree¬ 
ment se wide and sustained \hat they,are considered, for the 
present, as laws of nature. Still, no such laws can bo held as 
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absolute!^ certain. N^>vrifchftand^g the agreeiti^nt ijn favour 
of the derivation of liyng beings from germs or seed, there is 
yet a possibility of ijpOcifaneoiis generation. • 

The fbllotving are examples in Plants.Vegetable ^ella 
abserb flnid^, e^orat^ sedl'etions, and {jprm ne^w coITh ; th^y 
also ^nit# to foini ves^la. Roots al^orb material* from the 
poil, in part by^^smotie action. • The sap circnlntes undej; the 
lindaences of heat and light, and the actions going on at the 
sui^'aces of the leaves ftnd of the roots. In flowering pla^, 

, reprodnctiou is perforsfed by the accesS of the polleft to the 
bvules. Fmit snccecds to fecundation. Seeds germinate in*the 
presence of heat, moisture, and air, with absence*of light. 

There is something very unsatisfactory in the kiduotlons of 
Vegetable Physiology. Some of them*are now obvious results 
of the law of Conservation ; hs for example, the igflneuce of 
Heat at all stages of vegetable growth. Tbo great lack is in 
the intermediate steps of the process ; what happens in the 
interval between the*incidence of heat and air in the leaves, 
ahd tlfo elaboration of the sap, tho setting free of oxygen, &o. 
But this is tho defective,part of our knowledge of afl dio 
orgsinic processes. * 

In the functions of Animals, there are numerous empirical 
inductions. Thus the conditions of Muscular contractions are 


well known by experimental research; they are tho presence 
of bloody and the stimulus of the nerves. Th\t blood should be 
nece.ssary is a consequence of the law of conservation; muscular’ 
force must be derived from some prior force. That non>^zolixed 
matoriai» are sufficient for i^ansing muscular energy cowld be 
known only by experiment. Again,circumstances ufTecting 
the heart's actloui^are empirical inductions ; so is the fact 
that the red coj-pirecles of the blood ca^ry the oxygen for tho 
tiesues The processes of Digestion are stated in the form of 
empirical inductions. The same hotUs of Urination and Re- 
spiraiioa. Farther, the multiplied actions concerned in*\ 
Impreguatioi), Germination* and Growth, are ascertainable 
only as empirical laws. All tlie functions of the Brain and 
the Senses are givbn m propositions of the same character. * * 
That exercise (within lipiits) strengthens all the animal 
orgatis has long been estabHshed*a8 an Bmpiric^ Lav^ Mr, 
Darwin is dissatisBcd with the phy'siological reason or derivll; 
tion of the lavf; to him, therefore, it remains empirical^' 

These o&pirical nodaction^ sice to* a certain small extent 
oontrolled*W high g^heralities^ and are in so far deriYativo. 
The law of Conservation is a check upon many of them: and . 
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the special laws of Molecular Physicfc and of ^dnislry aro 
seen at weak* In some. But in such a flroceea as Digestion, the 
recognized physical Aid chemical are thwarted by 

deeper forces, of which we have only an ompiri^l statement. 
Tiie mo*st potent instrumentality ftf deductiv| explanations at 
present knoWh is that furnished by tlfe resc^ches erf G^am 
on Transpiration, Diffusion, Osmose, and Ca^niarity, 

Aitnal Mechanics, and the propulsion of the fluids by the 
heart’s action, are susceptible of a ccXnplete deductive treat- 
*raent, through the applications of Medhanics and Hydrostatics. 
This is well exeroplifled by Dr. Arnott, in his * Elements df 
Physics.’ 

Logical Methods of Biology. 

' 10. In biology, the facts dre open to Observation and 

to Experiment; although with aome limitation owing to 
.the pjeculiarities of the living structure. 

The difflonlti^ attending the observation of living •Beings 
aw) gredtly overcome by such instruments as the microscope, 

• stethoscope*, laryngoscope, ophthalmoscope, &o., and by lihe 
, chbraical'examinations of the various •products. Accident 
soinefcimos lays open the interior, as in the case of Alexis St 
Marlin, through whom was obtained invaluable results as to 
digoitioD. ^ * 

. * 11. Through the variety of the cases presented by Biology, 

tfiere^ gi’eat scope for elimination by the methods of 
?Vgi^Bment and Concomitant Variations. * 

Tlio means of varying ^ circumstauces*by4he comparison 
of ihstances, agreeing and yet disagreeingtis v^ry extensive* 
From the*uaml)or of different ^vegetable and hnimal speoiatb 
each structural peeuliai^ty is presented under the greatest 
g possible varie^ of accompaniments. And this is pnly one*part 
**of the case. In every individual rf^^ere is,scope f^r additional 
cooSparisoilB in’ the different Ihages of its existence, the method 
p& ^oabryology. Lastly, the occurrence of •monstrosities still 
farther contributes to the desired variaUon of circumstances. 
In there three ways, the op||K)rtnn^tics of plying the Methods 
of .\gfeoment and Concomitant Variations are exceedingly 
muiti^ied. 

Thun, an examination,of the structure of the eyes, in tbjsir 
rudimentary types in the loweat^animalw^ and in tbair snooeS- 
sivo pha^ of growth in the higher, hi^ both suggested and 
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pPOTod (as tome belieTe)/i:1iat Sa is a modified* port4on of 
the skin. ' 

Hr. Owen enomere^ different m'fides of oarr;ping oat 
comparisons df the animak strnotares (Vertei^p^to AiyipaJsi 
Vol. I. Preface)., 

Thejise And limits oftBe Dednotive ^ptbodin Bioldgjhalye 
been snffioiently Sdrerhed to in«previons remarks. Sopie 
qptice may be ta^en of the applications of Obanoe and Proba- 
bilitj^. “ • 

• ^12. There are many^biological conjunctions of*wi(^, 
but not of uniform concurrence.* Such cases mu^t be dealt 
with according to rules for the Elimination gf Chance. 

, When a concurrence, although not mniversal, is, never^e- 
less, more freqi^at than olianee would account fo^ we are 
bound to recognize a natural tendency, or some law of nature 
liable to be defeated by ot^r laws. For example, the con¬ 
currence of superiority,of ryental power with superior sizb of 
.brain, Although liable to exceptions, is yet vei^ general, and 
far more than chance can account for. jpence w» must begurd 
this^is an established law, with occasional liability to bA 
defeated. We are nob«,t liberty to predict it of every instanod, 
but only with a probability proportioned to the observed*fre- 
quency as compared with the failures. 

13. It is a result of the great (Kimplica^ of vital pro¬ 

cesses, that many inductions are but approximately true 
and, therefore, are to be reasoned on according kA the 
principle8*of Probable Evidence.’ *• 

The prevalencs oPapproximate gefieralizations is a mark of 
the increased compUbacy of the Biological pi*bce8Bes,.as com- 
paired with the processes in Physics and*in Cliemistry. 

The best that can be done, in this sMte of things, is to* ob¬ 
tain sfhtistics of the actual occurrence of certain conjunctions. 
There is a lar^ deparjtmentj) ef modem creation, termed Vital 
Statifttios, which enables us to reason on vital phenoihena with 
the degree of probability belonging to each case. It is thus • 
that we can infer the proportions of mortality at different ages, 
and the proportion of male (b female births. WUbn A^^icul- . 
tnral Statistics shall have been continued for a sufficient tin^ 
the recuiTence of good And bad harvests will be capable of' 
being stated«with numerical probability. 

14. Many of the pip'positibuA of Biology are defective in 
numerical precision ‘ 
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In Physif^l Chetiwoal facts, ^ is usually ^possibla to, 
measure numerically the degree of tl^ qualities. Thns most 
of the properties of*a mineral can j[>e'*fi!^^ated with numerical 
preoisipn ; othqife, as colour, and Icactare, can fee referred to 
known tyj^p. Bt^ when we say a cdrtain*^ount of exercise 
streiigthuns the organf, while a greawrame^nt weakens them, 
wet leave the estimate very •vague. Ohangqof air is said to 
invigomte the powers, but there are no precise reckonings, 
efther in the general or in particularfeases,.of how mnoh invi- 
goraiidn may be expected from a definite change. So, the 
influence altered circumstances on breeds.and on races is 
given in vague indeterminate language, and must be taken 
with great %,tithde. ^ • 

• Hypotheses of Biology, 

16. xRe character of the science requires the utmost 
aids that can be afforded by well-contrived Hypotheses. 


Biology has all the difficulties* of Molecular Physics and 
Chepiistry as regards the impalpable nature of the constituent 
{^ri'H in jiving bodiei4$ and its own additional complications 
fqpm the organized struotore. , ^ ' 

T|}e hypotheses of Biology are of all the varieties enu¬ 
merated in the general chapter on the subject (Induction, 
chap. XllT.). ^me assnipe a teal causo, as the Development 
Hypothesis; owers assume unreal or unknown agencies, as 
the supposed adherence to Type or plan; a third class would 
olaini^^ be Representative assumptions. 

* Qf the first class, we may cite, as instances involving the 
smallest amount of peri^ in the assumption, the unverified 
deductions from general laws of the inorganic world, snoh as 
the moletular and chemical laws. These powers of cohesion, 
adhesion, solution, osmose, k<9., are assumed as operating dn 
the living body, but the deduction from them is not snffio'ently 
^ exact to ^ fufly verified. Henc^ there is much that is hypo- 
thftii'al inatbe theories of o>|datiot), of .animal beat, of seore- 
tmn, ho. From the known chemical jnertness of Nitrogen, 
*Mr. -Herbert Spencer draws some reihorSable inferences in 
ex^lfmation.of the vegetable and animal processes (piolc^gy, 

ffypotheeu, —This renowned speonlation, with 
all it^boldness, has the characters of a legitimate hypothesis; 
it assumes a real agency, a* vera causfh ; 'its diffioiJticks Ho in 
'sbowtngf that the supposed a^nt is equal to'the'vastnoss of 
the.re8ttlt8^ 
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PropeAjr 8p€i^iig th^te istfio riral hjpothesieA^ Tha|iSlp«oial* 
Creation viow is that mefely expressesV5i^ j^orance. 

Its power of explanajj^Rm is confined towuaking a oopipanaon ( 
it assigns to the UVlng that hare sncisossiTely appeared 

in the oonrdt of ages the same mode of origin as th0 ^an^t 
spdbies o| all, dfiH as whole framewora of the universe; an 
origm that maa^or ever be in^oncoiAble to the human niiud* 
•As the physicEd theorists who specnlate upon cosraicat do Alop- 
ment—the formation pi sans and planets—start with dhe 
assnmption'of matter spread out over*a great amplitude of 
^paoe, and coming toge^or by gravity, so the biological theo« 
ruts assume a primeval starts either of living dbroods, or of 
matter ready to bs^ome organized under particular circdm- 
stances. Now the value of any scientifio oxplauation of life is 
mcasared by its capability of •tracing the whole of organized* 
nature to the fhwest primitive assumptions. * 

The modification of pltnts and animals in the course of 
generations is a fact. It happens evoii in the same eifternal 
cjrcQipstances; while nufier alteration of ciycumsfances, the 
changes become vastly greater. Noi^, if any* meunS can ho 
assigned whereby some of the modified forms aro*kopt allVe * 
w^Je all the others•perishf the deviations are roudei'ed pbr> 
manent. Mr. Darwin provides an instrumcmtality of this 
nature in what ho calls Natuml Selection, or the preservation 
of the fittest in the struggle of life.* It has bfen his endeavour 
to acourmnlate a vast multitude of facts shoving the principle* 
in operation, many of them inexplicable on any other suppoei^- 
tion. Herbert iSpencer, Huxley, Hooker, Wallace, and Vbor>^ 
have contributed to the 8U{fl>ort dud elucidation of the hypo- 
ih<>8is. , • •* ^ ■ 

The occnri'cnce^f allied species in the ^me geographical 
area, and the* wide differences^ in obaracter of the species in 
Idealities widely apart, are adapted^4^o the doctrine of*deve> 
lopment and not to any other view as yet provided. Again,; 
says Mr. Darwin—‘How iceicplicable is tho similar patterp of 
ihcjiaud of *a man, Ihe foot of dog, tho wing of a bat, tho 
flipper of a seal„ in» the doctrine of independent acts t>f 
creation I how simply explained on the principle of tho natural 
selec^oci of successive slfght nariations in the diArgiugr 
descendants from a single progenitor T In the cou^seyn 
time and change, certain *parts originally usefnl have IgsCl^d 
snperfinoua; and their retention in ^he useless condition is 
int^lligiblo.only on a fawpotbe^ of descent. . ^ ^ 

So long as the Development Hypothesis tallies with a very 

18 
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arge h\imbei’iof facts, and is incofnpati!)lo witW^any, it ia 
1 legitimate aid tenable by|)othesis; aid it^ worth is proper* 
tloned to.t&o extent cf the phenomena\jiat it explains, com* 
pared with thoso that it fails to expl^ih. * 

H^othesie of Itepr<^iiction .—Tha repfpdnction qi each living 
being from orfle or frm two others, tl^ough *tfhe medium bf a 
small globule which col tains in itself the futeire of a delnite 
speefea, is the greatest marvm in the whole ef the physical* 
world ; it is the acme of organic compycation. ^ • * 

• Mr. Herbert Spenser and Mr. Daswin have recently pro¬ 
mulgated hypotheses to represent this process. (Spencer^ < 
Hifdogy, L, Sk53; Darwin, Domestication, II., 357). The two 
vieTws havo^a good deal in common, ai^ miglit be taken 
together. Mr. Darwia’s, however, ventures farthest, and 
'may*bo here quoted as exemplifying a biological hypothesis. 
Ho prepaifts the way by generalizing all the (fliferent modes 
of reproduction—whether unsexnaPor sexual. The unsexual 
modes, as buds and fissure, are to be held as identical with 
the processes fqy maintaining each* organ in its integrity, for 
thtf} growth os development of the structure, and for the 
r(Atoratioit‘of injured parts. And it* seems to be a tenable 
supposition that the sexual mode of reproduction is a mere 
modification of the same general fact. 

The hypothesis then is that eqch egg, or seed (of the female) 
and each spormc^zoon, or pollen gi*aiQ (of the male) is already 
•a vast aggregation, a world in itself. It is made up ©f a host 
-^.smaller bodies, which may be called geramiiles, with all the 
progqfilos of growth or reproduction commonly attributed to 
celli in general; this host is difilbrent in each species. For 

• every separate part of tbSwinimal or plant to he formed, down 
to a featnjir, therfe are distinct gommules the type of that 
part, and unfolding to* produce^it by ordinary growth. Every 
animll contains circulatipg through it the undeveloped gem- 
mnles of all its oigans, and parts of organs; a complete %et is 
boqnd up in the ovum of the aoii^al for plant), and by due 
expansion teproduoes the ne'i^individualioompletd at all points, 
^luething must be assumed as determining them to fall into 
their^aoes; bat that there is no ahsoluie fixity iu this respect, 

Imrwin* shows by the iVeqndbt occurrence of misplaceil 
; this, he thinks, &vonrs the^viewof the multitualnoua 
)Q{erai!iyiles, and refutes uiy hypothesis of a forpaed miorocosm 
existing m the seed, to yhicH supposition there are^mauy other 
^hostile (acts. . • * , 

^ To* grasp, reooqoile, and generalize the facts, is an ample 
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2V^ 

jii8ti£icatA>n of tfiis b<dd vetftare ^ by the of case, 

we can never hopj) tojponeti'ate the precise operation, nor yet 
to arrive at a snppoiAvn that shall eAlnde every other. It 
is, howeyer, an imj^rttmjj appendage to whatever hyppUicsia 
may be formedj)/ the ^reab vital fact na^d Assimilation. ^ 


CHAPTER V. 

LQGIC OB" PSYCHOLOGY. 

1. Psychology, or the Science of Mind, comprises ^th* 
Mind proper,.and its alliunte with Matter, in the animal 
body. • 

l)cjii\itwn of Mhid, 

* 2. The ultimate antithesis of all knowledge is called the 
antithesis of Object and Subject *• * • 

I'be object world eoincidbs with the property called Exteu* 
bion ; whence the Subject, or Mind, is definable by antithesis 
as the Unextended. A tree isgextended ; a pleasure, a thought, 
a desire, have nothing in common Vith exteil^ed things. 

3. the method of Particulars, Mind is definable 

po;3sessing the three attributes named Feeling, \^ition. 
and Intellect. • • *• 

Feeling is ei^mplified by plcasuvCs and pains; Volition is < 
action prompted by Feelings ; Thought, or totelleot^ contains 
the processes known as Memoiy, Reasofa, Imagination, Ac. 

*A11 onr emotions are inclnaed under Feeling; onr deusar 
tionB«are partly Feelings and partly intellectual states. , 

The positiire definition of ^he Mind is also a Division, §nd 
mnst^nforth to tbe'laws &f Log|lcal Division. 

ConSon^ance ofMitxd and Body. 

4. Tq the De^nition o# Mitgl, we must add th^Con-^ 
comifance of the Body. 

The ooQOomilanoe of Mind and Body is a conjanotioft'aito'’ 
getber unique. The extreme facts of .hufium experienoe-^tfao 
subject and the tobject^%aind and extended matter—are i^nnd t 
m unioir. ^We mmnofe say with certainty whether the union is 
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a case oi ca^lation, or a case <5f co-wheiing attri^tes. Ifc 
stands apar^. 1 

6. Thtf union of ^find and Body nJet^jb hold throughout^ 

many,^roin Aristotle dpvrnwards, ha^ held that 
portions of thfe min^are unconnecte(^with ^dily precedes, 
no 6ao denies that miifd is t(j some extent dfpendent on the 
bod/. But all have failed in every attempt Ao draw a Une 
between the functions that are tlopen^eat, and those that are * 
Supposed independent of bodily organs. 

fT. The joncomitance ofe the two radically distinct ’ 
phenomena gives the peculiar characteristic of the science. 
Every lact^f m*ind has tioo sides. " 

* Every f|pling bos its mental eide known to each one’s own 
conscionsness, and its physical side, consisting of a series of 
physical effects, some superficial Snd apparent, others deep 
and intricate. 


It depends nppn circumstances whether, and how far. these 
physfoaT adjuncts should be brought forward in the scientific 
' ei^osition* of the mind. On tlfe one hand, if they are 
unvarying in their concomitance, they can hardly be excluded 
withdlit impairing our knowledge of the mental part. On 
the other hand, it is a bare possibility that the mental pheno- 
meun, being rascally distinct and unique, may be studied 
•bettor by making entire abstraction of the physical aooompaui- 
“Tngnts. Moreover, much depends upon the degree of insight 
actiialTy possessed respecting the nervous aj'stem and the 
various organs related to the mind. It might be expedient at 
• on^ stage of knowledge ?!! drop these from tjie view, and at 
another ^age to^ake them up. « 

In jioiut of fact, until the present century, only a very small 
number of philosophoi^ gave systematic attention to tne 
> physical implications of mind ; the chief being Plato, Aristotle, 
Hc^hes, mid JIartley. In spite »f the crudity of their know¬ 
ledge of ptiydology, they aft*(with perh'aps the’’exception ot 
dMato) gained most valuable psycholo^cal hints by means of 
that knowledge. The physiology of the present oentury 
^avinlf placed the whole subject on a new# vantage ^ronnd, 
r'^ftentioii to the pbysioal side may be expected to be much 
’mot^^warding. * * / 

Thus, on one side, P,syohelogy is a department of Animal 
,Biology, and subject to biolo^cal lavs. Tl^e alUpervacting 
law ot Persi.stencq of Force e.xtends to"the physical concomi- 
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tants of mind, and \i pregnant •with oonseq^noejji' of tbo 
utmost praotic^ ^ • 

On the other 8idt,rljrchology presents a unique *phenome- 
non—individual self'Ooifsqiousness—to which those* n no 
forerunner in eitij o^.the previously ^umei».te4 scien<^. 
Stillf the method and spirit of soientifio enquiry, as exliibited 
in, those other# scicndhs, are of Value in the study of mi«d in 
»it^ psychical side. States df consorousness have degrees of 
intensity add duration^ they are singje or compound; they 
• aid or thwart one another; they have their laws of emerg^pce, 
increase, decline; in all whfch particulars yiey observe 
analogies to physical forces ; so that the intejlectual habits of 
accurately estimating physical agenqjes may, wi^ duo allow- 
auoes, be of service iu dealing^ with the complications of ftiinda 
The two-sidhdness of the phenomena appears ih language. 
The terms of mind had all an objective origin; and, while 
some of them have now an almost exclusively subjective 
raeatyng—os pleosufe, pEin, feeling, thought, sweetness, fear, 
consoionce, remorse,—others have also an ol^ectivo nefeyeqpo, 
as shock, emotion, expitetiient, avidity, irritation# In these, 
las*!., the language Jls ambiguous; we cannot always tell 
whether the physical or the mental is aimed at. Tl^ero is, 
morover, a liability to represent the mental fact as a physical 
fact. * , 

• Otke?' Notions of Psychology. 


, m 

Consciousness .—The most difficult word in the humau voca¬ 
bulary. concentrates in itself dll the puzzles of rndtapti^sics. 
If it were strictly synonymous witb^Mind, it would bo defined, 
accordingly, i^utd^he object, or extended world, is inseparable 
from our coguitivb faculties; so that's wdrd tbaff expresses 
eVery conscious state whatevef is wi^er than mind, strictly so 
called ; it comprises both matter and mind. Hence, if * con-, 
sciousnoss * be the name for.all sentient states, it is the widest 
word, that ife can dmplof, in ^t, there is no meaning corre¬ 
sponding to it; like JBxistcuce, it is a fictitious addition of ^e 
two highest genera. *To state these separately, we must have 
the dqpble epithets Subject-copsciousness and Objact-coi^ 
soiodsness; which, however, give pnly the meanings—^pbjo^ 
and Subject. ^ ' 

8 en8atioy>.--^A. word with several distinct meanings. **In the 
first place, it may eitfier corey the ^kysical operations coii- 
nectod with the exeroise of our senses, or it may bo i^Strioted 
to the pi^ly mental state arising therefrom, {n thp next' 
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place, iD^smuch as the sences give usV^eelings in the purest 
form (pleashres and ■^ains) and also i^ellfectual discrimiiia* 
tions, the ground work of our ideas,—(fsraeation may be used 
for oithar class. «'lu the third pla<fe, there is a^coiftrast of 
&^sation .with PerJrjption, or betweerf the ifumediate effect 
on the mind, and the ussociated effedts; cc^ur arid visible 
magiitude are sensations, distance and true magnitude are. 
pcrc.eptions. ' *• < 

• 'fho fecial modes^of sensation, together with muscular 
feeling, are ultimate states of the miiid, to be defined solely 
by individual reference. Resistance, Motion, Warmth, Diges¬ 
tive Sensibility, Taste,* Smell, Touch, Hearing, Sight,—as 
states of leeftng, must be known by independent experience. 

* Emotion .—The emotions are a department of the feelings, 
formed by ihe intervention of intellectual processes. Several 
of them aro so characteristic that they can be known only by 
iiidividnal experience*; as Wonder, Fear, Love, Anger. These 
si and very near the ultimate elements of human feeling. 
Many, however, ^re evidently derived; such are, in an emi- 

^nept uegrty, tlie jiEsthofio and the Sthical emotions. 

Phases of Vuliiioiu —The definit^n the Will, or Volition, 

* is a pgiPt of the definition of mind as a whole. Will, as con¬ 
trasted with Feeling, is a unity, indivisible. Yet, there are 
variod.s aspects or modifiqfitionlfi of it, that receive names. 
^fotive is the fedfing that prompts the will in any ope case; 

* the motive to eat is tho pain of hunger, or the pleasure of eat¬ 
ing, or«tihe pain of defective nutrition. Delibemlicn supposes 
(fontfiSting motives, liesolietion is*a volition with the action 

^adjourned. Desire is ide«l volition, either, as preparatory to 
the*actual, or in, lieu of it. Belief is preparedness to act, 
fnr a giveh end, itt a gWen way. " • 

Inidlcdual States.—Iij the •Intellect, we have three fai<- 
' .dnmenlal processes—Discrimination, Similarity, Retentivancss 
••hr Revivability ; all raqoiring actual experience in order to be 
understood* Di8criminaiiGn\^i\om%Tvroi;fi for the fundamental 
iayt called Relativity and also Contrast, ^ Similarity^ or agree- 
ineijt in difibronco, is a distinct fact oP the mind ; the sensi- 
^jL>ility qprrespnnding to it is unique*; and it is one of tb® most 
iS^tcjl of Imman experienpeV Jletentiveness and RevivabUiiy 
deS^As n great charactcrretic of our q^iental nature, for which 
we have other designations, ^ Idea, Memory^ Reeolteetion ; it 
can be defined only by reference to ^.ctual experience; ‘al- 
tbough tho figurative words—retention, revival, resuscitation, 
fsqem to l>e definition bv the medium of other notions. 
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The complex inieli|otuai* facujtics—Keasot^' lmaginaiion» 
&c.f are defined eachlby its proper department^of'exercise; 
thus, Reason is th^ ^(|wer of drawing conclusionsi from pro¬ 
mises, or the scientific ^icuUy. To this ^efiuitior^ ijiay bo 
appended, as a rpal psediciltc, the derirq|loa from the ultiniE^p 
iutelleotiml oleu^nts jilst named* ^ * * \ 

I^ychology dbntaii^ scope f(|r Classification, both accq^iug 
•to Logical Diifision, and acceding te Ramification or Comj>o-' 
siiion. Tln^ ultimate •sensibilities—namely, the Senses, •thp 
elements of Intellect, a*d the Simple Etnotions—are blassi lied 
<is genera and species, and lyicording to Logical DiviSion. 
The compound faculties and sensibilities, as ftie popularly 
named Intellectniih Powers, and the Complex Shnotions, are 
classified solely by Rumificatiou; thdir classes do not c%niplj|^ 
with Logical yirisiou. • 

Prop^itions of Mind. 

• • 

7. ^ The complexity #f many of the Notions of Mind 
j^ves*rise to Essential Predications. 

^find itself being de4ine^ (positively) by the uni^n of tbl*ee* 
distinct and irresolvable characteristics, there may bo proposi-« 
tions affirming the concomitance of these three fodts; as 
Feeling is accompanied with. Volition and with Intelligence. 
When we say that Mind (as a wlfble) feels,^vills, remembers, 
we give^ verbal or essential predication. * 

So with many other notions. Such simple feolingg as ftfAr, 
love, anger, if defined, would havp a plurality of circuniskmces. 
That su^ circumstances are unit^, may be a i‘eal predica¬ 
tion ; but when ahy one of themes predicated of tho name," 
the proposition inessential. ‘Anger, mn^es one •delight in 
retaliation ’ is % purely verbaljjredication. 

Our common talk on mmd is full«bf Essential propositions. 
His "vices were condemned, his virtues praised. Prudence* 
keeps a mai^out of difficDjttes. ^Tbe strongest motive deter¬ 
mines' action. • • * 

8. The conjunction of Mind and Body is a real predi¬ 

cation^ it being understood thjit the defiuitiofi of Wind ^ 
restficted to subjective facts. . I / 

This holds throughout the detail of feelings, voUtionsTand 
thqughts. • When ^e name fpr an emotion is tho subject of a 
propositioM, and the physical 'accompaniments are affirmed; 
the predicjitiou is real:—‘ Pear depresses tho vital^ organs * is* 
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an affirmatiop of ooncomil^nce.^ Tlfe hopd of ttie rewatdi 
quickened kie speed' conjoins a motivli to the will (a fooling) 
with the bodily part o^' a voluntary ac^. ^ ^ 


.9 • The three heading fuuctioi^,*giyen as th6 Definition 
^ Intellect {Discrimination, Agreg!nent,'dleteqtiveness), 
are unfolded in predi<5ntionSj ^ *1 

Tfiat Mind discriminates is an Essential proposition; yet the 
full account of the fact of Discrimination, Relativity, or G'jn- 
Irast, demands numerous propositioral statements, many of 
them real. Not to re<iteraip the double-sidedness of ever}*^ 
mental fact,*the conditions, circumstances, and limitations of 
eadh of theia leading properties are euou^ced in propositions 
that are in no sense verbal. 

^ (1) Thi^, we speak of the law of expressed as 

the concomitance of consciousness with change of impression. 
This is the general statement; and constitutes a real predication 
by virtue of the distinctness of the two facts—change of im¬ 
pression (physic 0 . 1 , in great part), and consciousness (atrictly 
mental).' . • 

• \2) Retffntiveness^ Bevivahility^ Gontiguous Association^ we 

I nalnes for a fundamental property <of mind, which in its expo- 
8ition*takes the form of a law. A certain condition or situa¬ 


tion has to be assigned (the reception of present impressions), 
and to this is arched as‘a real predicate, the property of 
, ibeing retained, revived, remembered. The various modifying 
chpn in stances (engagement of attention, physical vigour, &c.) 
are rtAf propositions in subqrdiuation to the main )^rinciple: 
Itt is a grand generalization, resuming, explaining, and ren- 
^derjng precise th& media\xhniata of acquisition, as regards 
intellectual growths, emotional growths, ani^volitioual growths^ 
tinder it are given numerous a|B.rmations as to ihe derivation 
of complex phenomena fnjm simpler, the unfolding of thoughts 
,land omotionB, and the evolution of the mature mind fro&i its 
prirpory elements. This is commqnly called thq Analysis of 
the Mind. *The proof of sucm assertions rests partly on the 
edtisciousness of the hearer, and partly indirect reasonings. 
^Thus, the proof that Bounty is a compound, and not a simple 
^fimotiA, is fhat we can consciousiy identify its constituents. 

with the Moral Sense. TJie indirect proofs are, the 
abseti^. of the Feeling prior to cei tain opportuiyties of mental 
association. (See § 12.). 

. (3)^The Ijaw of Similarityy or Agreeineut iu DiderenoO}'ts, 
|ior the same reai^ons, an inductive ^neralizatiqu of real 
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•conoomitatllei * P*esen& Btafcef of filling, Sdo., te^ad to revive 
their like among stateSf notwithstanding certain 

amount of differenoe.V As before, ther9 are requirqjl many 
Babsidiar;^ prc^sitions to ^xpress all the qualifyins: oiroum- 
Btancpa of this widp genfrality. 

Another<impoi?l^t laviof the mind is sbmetimbs described 
as th^law of thcf^Fix&i Idea^ na^nely, Ibat ideas tend to Act 
{hemselves out ;*as when the smht of yawning makes us ya^n, 
merftly by glwi^£> the idea of the act. • 

• ^ 10. There may be itws of the rise, coatinuandh, and 

subsidence of Feelings. 

_ • ^ 

The connotation oi each distinct mode of tceling, whetUfir 

sensation or emotion, indicates both its character as feeing, 
and its mental antecedent. The laws connecting mind and 
body, predicate its physical side; the laws of Relativity and 
of lietentiveness contain aaditional predicates. To all these 
may be added inductions so the rise, continuance, and’sub* 

sideneVof Feeling; which laws, like every otber,»havo a physical 
side, and may possibly, on^that side, generalized ifito*still 
higher laws. • • •• 

fiike all sciences where sitnple elements contribate to fortn 
compounds, Psychology contains affirmations respecting the 
composition of feelings and q^her states. The assertion is 
mflde, for example, that Beauty, C(9nscience, Jmagination, are 
not simple facts, bat arc oomponnded of certain assignable 
elements. 

Amoug^the ordinary predicatiops respecting living^bkiipgs^ 
we may mention the passing of the various capabilities Into 
action. This expends to mind. I speak, reason, wonder, 
desire, Ac., arp exa^iples; to all such beloi|g8 the /eality* of 
p^lpdication. * * 

Logical Methods of Psychology, 

A\ .J[ii Psychology, spsdial i^iportance attacjiea to ^he 
ultimate Analysis of the pheno'mena. 

In all sciences, we* desiderate an accurate and thorough¬ 
going analysis o£ the phenbmen^. It is only •an ulbimata- 
analysis that can be the groundwork of the most general pr^ 
positions respeptiug thevi*. * ' 

In proportion to .the difficulty,of ascertaining and pl^oving 
ihe*facts in^detedl, is tlie value bC an nlfimate analysis, whereby 
wo can re^ttce to a fninimnrei the number of iudepebdeatf 
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assertions. .^When we know tVe componeht part^of an Erao* 
tion, fnr example, Beauty/the Moral Sentipient, or Veneration^ 
we can a^ply our ez^ierience of the ^{^rts to correct and con^ 
firm our experience of the totals. . 

ii *The proo^f a Psychological Anglysis is (1) the 
feeling o'f identity l^.tween the cOmpoupd and the parts. 
'I'hjs must be a matter of hidividual self-cpnsciousness, . 

I That the Moral Sentiment contains a feeling of obedfenoe 
' to authority, under dread of punishment, ‘is proved by each 
one’s being conscious of the presence, in the compound, of 
that special element. 

’13. Ah'* Analysis is proved (2) by''the identity of the 
conieqneiices and collaterals of a feeling. This will 
afford aift Objective proof. 

That the Religions Sentiment contains an element of Fear, 

' is proved by identity in the Expression and the Actions 
dictated by the state. '■ ’ ‘ 

*.14. T^e ^eatest 'difficulty is fplt in establishing the 
sufficiency of an Analysis. , ^ 

Tins is a difficulty iu all cases where there is great com¬ 
plexity in the phenomena. Wp may identify the presence of 
certain element?, without^eing able to show tliat these are 
•the whole. Where the quantity of the elemenfs can be 
measured, as in Chemistry, we can prove the analysis by 
up their sum. Where quantity is not exactly esti- 
nfable, as in many biolomcal facts, and in nearly all psycho- 
■ logical facts, this check Is* indecisive. * *• 

For e^mple, ^ome, have maintained fhat benevolence is 
exclusively made up of selfiregarding elements. Others, 
while* admitting the presence of these elements, deny that 
they account for the whole. Owing to the vagneness of our 
estimates of quantity in mi^di the dispute cannot be decided 
by a procf*'sa of summation in ordinary cases. We must 
proceed by varying the circumstances^ and by finding 
instances where self-regarding elements are either wanting, or 

smdil in Amount, as to be obviously unequal to th’e ^effect 
pxpduP^ed. Such an instance is found in the pity called forth 
by 'tee punishment of great criminals.’ 

15. The Inductions of Mind bring,into play the Expeii- 
menkl Methods. 
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• The g^ea^Law Oonc^omitaf^ce of Mind and B^dy mast bo 
proved by the Method of Agreement. Wo must'^ow that 
the whole of the facts^of i^ind—Feelings, WolitionSjTljpiigbtSr 
are at all time^ accompanied by bodily processes. The cmo 
has something of jthe pecnliairities of thet^aw of Cau6a{ioo^ 
We can prOve the«conc(Anitance in a v^t nnmb&r of cases ^ 
while in many mfntal exercises,^ in meditative reflectioh, 
physical processes almost, escape •detection from thSir 
snbtftty. These instances, however, although unable tw 
oonhrm the proposition, %re not opposed to it; nnd» they 
(To* nothing to invalidate the f<y*ce of the unequivocal ia> 
stances. . , • 

We can do more than establish a law of oencoxutance oT 
I mind and^body generally. We can, by*tbe methods of Eligii* 
nation, ascertaii^ the exact bodily processes connected with 
mental processes. On this, determination, we can^riug to 
bear all the Experimental Methods. 

The Law of Relativity is^istablished by Agreement, and, in 
•a remarkable manner, by Concomitant Yarintions. 

The Intellectual Laws, cayed Retentiyeness and ^imilantyi 
are established, both in*geiieral terms, aud as respdbts theff 
peculiar conditions, bj*all thfi methods. * 

16. From the circumstance that, in Psychology, we Save 
attained to laws of high generality, there ia great scope for 
the Deductive Method. 

While every one of the great laws above enumerated ia 
fruitful in, deductive application^ the instance that phfb 9 >ps , 
best exemplifies the Deductive Method of enquiry, oonsidefed 
,as a supplement tto Induction, is tbel^nw of Conservation or 
Correlation, appliedfto Mind, through the physical ^uppoi-fs. 
By,this law, every mental act Represents a uefinite. althongb 
not numerically expressible, physical mependitnre, which fnust 
bo l^rne by the physical resources of the system. The deduc-. 
tiye oqnsequ^ces oC tbis« thet ^re innumerable. A fj^w 
Stances may be briefly suggested. Great mental*labour or 
excitement is accompi^iied by corresponding physical wastes, 
which is so mneh subtracted from the toted of the plwsical 
forces* afailable for the collective* necessities of the s^tem. >■ 
Again, great expenditure ii) one mode of mental exertion, not 
at the expense qf the mofe properly tcdilyfunctions, is,^^ Che' 
expanse of Other mental fonctionsi; and saon. Now to such 
cases, we may apply tlfe deductive process, in all its ^tflgG8;, 
there is a nrior Induction, there may be a process of Cslcula- 
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tion 80 far ds t.he case adipits; *tfaere ^hoald be a Verification^* 
both froni isolated tacts and from empirical laws. 

Thes^ Deductive ^plications are ^ valfiable check upon the 
lo^se empiricisjns so abundant in (the treatmen t of mind, and 
^ ^re ihe best testiii^^ciy to the use of «a scieyope of psychology, 
in epite of its imperfections. There care empirical generaliza* 
tidns on the points just alluded to, naively, tne incompatibility 
of*great expenditure ciii one ^direction of effort, with great 
OKpenditure in other directions. Now, by the I^aw of Conser¬ 
vation) such empirimsms receive tbeK* definite limitations, and 
the exceptions are fully accqunted for. ■' 

t 

• 17. Tl^ radiological mystery of the union of Mind 
and Body is the severest test of logical Explanation. 

Enough was said in this hedd, under the chapter relating to 
Explanation. > , 

Empirical and Derivative Laws in Mind, 

, 18. ’There,are in ^ind many Empirical Laws, but, as a 
eonsequehce of the attainment* of "liigh generalities, there 

die also Derivative Laws. 

• 

From the complication of the physical adjuncts of mind, 
considered as the cnlminatioh of Biology, we may expect 
many of the Ihdnctious to be purely empirical, and as such 
narrowly limited in time, place, and circumstances. 

* Tj^w^phenomena of Dreaming can be stated only as Empirical 

* Laws, with a certain aid from hypothesis. 

We have only pure eiKpiricisms to express the operation of 
stimulating drugs upon the emotional ttates ; whereas the 
laws that state Yhe Operation of food or matriment can be 
derived. 

Ucnce, a very great number of the inductions of mind may 
be traced' as Derivations of these higher laws, whereby They 
attain a greater certainty and compass of application. Ail 
,.the rules for aiding memory are easr^ deductions from the 
great law of Retentiveness. The effecls of Novelty, and Coll¬ 
in tra8t,<are derived from the Law Of Relativity. 

' Strictly speaking, the .supreme laws of mind—Relativity. 
‘ ReteUtiveness, Similarity, &c.,' are* but a high order of em¬ 
piricisms. They are not, ultimate laws of nature, like 
Gravity and the Fersistonce, of Force. They are, however, 

• exhaustively verified through the whole of mind, i and are 
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f^pplicable m accordance with ihe extent of their yerifio^tion. 
We properly treat tjjkom as the highest or ultimate'laws of the 
department, and employ them deductiiely in tracing out 
derivative,laws. ‘ 

a 

Hyp^th eses in Mind^* 

19. *The princif>al e%#imples of Hypotheses, m mo lugiea* 
are to beYound in the^reat piobleins of analysid— 
narribly, Innate Ideas, Bxternal Perception, and the Wil4. 

• .Perhaps the instance most in point is Perception. On tlys 
subject, there prevails the assumption of an independent 
material world and* a series of iudepehdent mind^ brought 
into mutual contact ;*an assumption thg*t has t&e great recom¬ 
mendation of easily and simply expressing all the comtilou 
phenomena. It*has, however, the serious drawbaolPof being 
self-contradictory ; whercai the view that avoids the con¬ 
tradiction is lumberiii? and uuraanageablo in its application to 
exprose^the facts, and nonefi the backwardness to receive it, as 
a substitute for the other. * • ^ ^ 

Tfiis is an extreme case 6f a hypothesis believed’golely b«w* 
cause it squares with,the appearances. Not only is there an 
absence of proof otherwise, but there is flagrant self-contra¬ 
diction, which ought to be considered as a complete disproof. 

Among the unexplained phenoniana of mind, we are to in¬ 
clude Dreaming. Quo hypothesis on this subject is a real 
cause, namely, the partial activity or wakefulness of thobraitK 
It is a fact well established that the brain may be oithor^alife 
or dormant in all degrees. Now if we assume wakefulness in 
certain parts, ar^i dormancy in oth^-s, we may account for 
many of the appearances of dreaming, sonnambulisra, atid 
mesmerism. The hypothetical element Is tlfo selcctibn of the 
parts, namely, the senses, and tlie ceniires of voluntary move¬ 
ment.* The coincidence of the facts with what would follow ' 
lisjissnmption is a considprable probability in favour of the 
Typotnesis. *• 

It is a well-known ^ot that when a chain of ideas has ofteji^ 
passed in succession, and when the lost link of the chain is 
more^iaportant than the iiftermqdiato links, wo pass all once^ 
from the first to the last, the others not appearing in conseious- 
ness at all. The oblivion has beeii the occasion of vi.nous’ 
hypotheses^ (I) Aqcording to Stewart, the intermedia£5?steps 
are* passed^ so rapid lyes to b% .forgoften/ (2) According to 
Hamilton, ^t belongs to the class of latent mental processes ‘ 
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• f * 

(3) l^ccording to J. S. Mill, tbpre is a dire6fc.assocK.tiou formed 
between the first and the last, and the others disappear alto- 
gether ffom the cl^ain. All the thr^o suppositions refer to 
real agencies; all might operate in’* the base supposed. Con- 
sei^aeatly, the*^epision turns upon whether thb effect of any 
^qo is e^cacfcly equfti to the effect ol^ervedT.' Allocving for the 
standing difficulty oC’ computing mental forces, we may say 
that, on the whole, the last most nearly coincides with the 
phenomenon. ^ ^ ^ ^ 

Thy exact character of the hums^q mind at birth is a hypo¬ 
thesis of the second class of scientific hypothesis, a fictitious 
representation that has no ^oundwork but fitn.ess to express 
l^e subsequent maniffistations. 

The minds of other human beings and of animals are con¬ 
ceived by ns hypothetically as expressing the appearances upon 
the anal%y of our own conscious experience! 

Chance and Probahiliiy in Mind. 

20 . The ccpiiplications of the phenomena of Mind pre¬ 
vent ils from attainjng laws of universal application. In 
Ihany ift’stances, we must state oifcr propositions as more 
<5r less ^Probable. 

The influence of Education is not in all instances certain. 
The Law of Betentivencss is" sure in its operation, but its 
various complicated conditions may not always bo complied 
with. A training in good conduct, in most cases, but not in 
ail. makes a good moral character; a training in vice is 
generally, but not uniformly, perverting. Adversity, in many 
instances, but not in allv>improves the dij^osjtion. 

LOGIC OF CHABACTfi. 

21. The Science af Chahacter has reference to the 

proportionate d&celopment of the sensibilities and powers 
iiL different Individuals. , It '-presupposes the Scienc^-of 
Mind. • * • 

Human beings in general have certain susceptibilities to 
Feelivg, peuwers of Yolitiop, and aptitudes of Tbovght; all 
which possess degree, aqd may be unequally manifested in 
.difib%9nt persons. Heuce, au individual mind is not 
ciently desoribed bv its participation of our universal mentid 
nature; but must oe represented according to tbe^^propordpii- 
ate development of the several Feekngs, ^o., yoiv'^au 
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humanity. ^We are*all liablo Fear; we all possess T^d er 
Affection ; but some.more, some less? 

It is impossible to state these peculiarities of character 
except in the language a^p^icable to mind universally ; or to 
ajialy^e a obarlh^tei; withput having fii'st apj^yzld the nifnd.* . 

The basi^ of aify, Scieace of Character must, therefore, bS* 
the nlflmate anal^is o£ the Miipl. Tfiere should be ascer-* 
tpiiied, as far as jfossible, the native an4 irresolvable Feelings, 
and the attrijj^utes of Volition and of Thought. If a mind 
were like a mineral, the^statement of the degrees of* these 
various fundamental attributes would be the account of «a 
character. But the mind is a thing of indefinite growth, 
adaptation, acquisitioB; its first cast is greatly.altewd befoi^ 

I the end; and, as what we usually desiderate is the character 
of a full-grown pian or woman,•we must provide an account 
of the acquired, as well as of the native powers. 

The proper view to j^ake^of Phrenology is to regard it‘os a 
»8cience*«>f Character, accompanied with a theq^y of external 
indications. It furnishes aj[>rofessedly^ultimate Analysis of 
the Mind. It farther Endeavours to connece eaclf mental 
power or susceptibility withPa local habitation in the braiif, 
outwardly manifested by the shape of the head. This addi¬ 
tion, although highly corivenieuf, is not necessary to constitute 
a sdience of chameter. * 

22. In the description of characters, mere is odviousjy 
wanted a scale of degree. 

The difdculties attending fhe quantitative estimate of mhid 
are a serious drasvbtfck in the scienc^f character. Yet it is 
impossible not to nijlke the attempt to distinguish more add 
less in the varibds mental attributes. * * * 

The ordinary mode of procedtire is^ihis. In each separate 
pec^iftrity—emotional, volitional and intellectual—we form 
am4stimate of the general^aweraue of persons known to us. 
r^tove and below this average, we^se the indefinite*acljective8 
of quantity,—much, gapat, very great, sm^l, very small, defb. 
qient, and so on. 

Tb« 8#ale of Phrenology ificludes a wide range*of dfcees, 
piobably beyond what can be praotically discriminated and 
agreed upon. , • * • * I • 

Opr most correct, appreciations of quqptity in miu^ rest 
upon an ol^eotife bosia. Thfia* a slow learner can be com¬ 
pered with^ moderate*or a quick learner, through the ledgtbe ‘ 
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)f ti&e required bj* each fo|; a given uamoun^t of acqai<* 
lition. Tjbis objective •method admits of a considerable* 
imount of precisiop, and is the chief hope of attaining 
quantitative accuracy in the SGieMK;e ef Mind. ^ 

I, *23.'The naTiivV®lements of Character would ba con¬ 
veniently represented under the**three-Jheads^AQtivity, 
Fq^ling (Emotional), Intellect. • 

* • • 

• The detailed account of these elements is the, adaptation of 

the psychological analysis of the mir.d, to the statement of the 

basis of character. t 

Ike mental elements might be prefaced by an account of 
the important physical organs implicated in mental processes, 
sojfar as regards theh* physical characteristics. The Brain, 
the Mus|^ular System, the Digestive System, <&c., of each 
individual, might ‘be regarded, ii\ the first instance, from the 
objective side, or as viewed by the physiologist and physician. 
These organs have all bearings, dirpct, or indirect,on character. 

In recounting the native elements of Activity, Feelilig, and 
Thought, we need to^ single out/or special consideration the 
Intellectual Retentiveness, as being the expression ofi the 
possibilities of growth, acquisition, or education. This is the 
forelnost law of mind, with reference to the moulding or 
Formation of Character, the means of transforming the vaiious 
native tendencies into an'artificial cast. The educability of a 
character needs to bo looked at by itself; a thing only to be 
'd.eterrained by actual experiment of the progresvs in given cir- 
tju'v^tances. The schoolmaster, after a certain length of pro¬ 
bation, judges whether ^pupil will succeed in Matheinaties, in 
Language, or in Drawing. 

24. in estiniatiiyg Character, whether in fact or in 
expectation, we iniist^nevel: drop out of sight the Law of 
(kmsevYation, under the guise of the Limitation of the 

Powers. 

( 

The accurate judgment of an individual either as exhibited* 
at any one time, or as regards the posk5ibilities of transforma¬ 
tion, yinst depend upon the precision of oor allowance for the 
Limitation of the Powers.' Dealing with persons averagely 
cons^itnted, we cannot es^peef; a development above average 
in oxtb region without a falling off in some other^ and so on, 
through all varieties of ass^umption ^ to the extent of the 
powers on the whole, and as'to the proportions of each. 
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25. i'he subordinate laws of Cbaraoterare t\y& statemen. 
of the operation of Oirciimstances on the Foirmation of 
Ohamctea'. These iftustl;}^ handled in detail, under the con* 
fluent lightsVf oQtual ^pewence and of^e*8uperiof Tawg. 

Th^ ciroumst^ees tb^t inflaenoe chaiMcter are various aud. 
ipexhaastible. JThey ^ord a ^de exemplifioation of Indue- 
4ioij coupled with Dednctioi»—EmpiKcal Laws transferi^d 
into Derivattv'e. Tbey Also exeinplity 'the prevailing laxity in 
jthe use of the method of*Agreement. 

The leading oironmstances ar^suoh as these^ 

I, The physique of the individual, viewed from^its parqly 
physical side; the dbmparative strength or weakness of the 
different physical organs. A whole series of consequences 
to the character follow from thb purely physical endtowments. 
Great muscular strength glees a certain direction to the aotivi- 
ties and pursuits, whatever be the proper mental tendencies. 

II. JThe physical iroitmmit of the system, in all that regards 
nourishment and the adjuncts of health. Tlfh consequences 
of these are the greater or less total of force, to*be djjstribut^ 
amdng the various function^ including the supports .of min^. 
Climate, town or country life, poverty or affluence, indulgence 
or temperance, are obvious elements of this computation. 

pn. Natural surroundinijSj tlmy affeot the mind — the 
activities,,feelings, or intelligence. Differencefidhave often been 
pointed out as between moontaineers and tenants of the plains, 
between sea-faring nations and those in the interior of ^ontT 
nents, between rural and cirban* populations. Not flihob' 
precision has as yet been gained i|^ the expression of those 
differences. 6i\T>, if^tudied by the doable method of induction 
and deduction,* they may yield important laws. • 

4t is a clear deductive truth that variety of impressions must 
eidarge the compass of the intellect. *1[t is not so obvious what 
wilM^ the efiecte on the feelings; the msthetio sensibilities, 

example, Sre not qpicketied by^ nature alone i they usually 
' need another stimulns. Incessant familiarity with scenes of 
grandeur has less ehe^ (on the Law of Bdlativity) than alter-' 
nation of these with others of a tamer sort. , q 

IV.* Modes oi* Industry, or habitual oooupation, give a 
notorious bent to the ohtgraoter. The effects of oooupatipn or. 
profession bave*been a subjeot of frequent observation ;*«eany 
of the consequences bemg apparent. 'Thef* soldier, the sailor, 
the tiller o^the’gronna, the trader, the priest, have each the 
stamp of tBeir calling. 
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V. The Shwotinding Society moulds fche indiv'idaal as to 
feelings, atid as to mgdes of thinking, in ^Srays too numeroui 
to exhaiAt, but jet capable of being* stated with remarkable 
preeieion. Thcr inductive empiricisms on the one iiand, and 
tile, deductive primA^les, on the otherf oonspi-e to express the 
wemarkable aKsimilatmn of the inoividua],.. to the society, 
while it is not difficult to poiht out its*iim\tat^ons, the oiroun^ 
st^inces being given. ^ The ivsligions, ethical, and political 
opinions of each pepon are, in tlic ^great .massif cases,''the 
e:^ct reflex of what prevails in the Iftciety about him. 

VI. The, express JSducatWn given by the schoolmaster 

should be,.addcd to the moulding influence of general society. 
This element admits of being clearly •stated. A people 
soift regularly to school like the Scotch, or the Germans, 
acquires distinct superiorily of intellectual and moral 
character. Under this head, attention must be paid to the 
educational influence of Institutions ; as, for example, an 
established church. , • ■ 

yil.- The aihount of Liberty permitted to individuals Thy 
Oae statq.’ and by society, has a cas^ influence on character. 
The revolutions that have achieved enlargements of individual 
freedom, as the Protestant Rcrormation, are experiments of 
Diflerence, showing the impetus given to progress by Liberty. 

Political freedom is lyjt exactly the same thing as Self- 
government, is not complete without that addition. This 
too is an instrumentality for moulding the character. 

^ • Vttt. Many Social Institutions, I^ws and Customs, apart 
from the general fact of* Picedom with Self-gftvernment, 
exercise on character asj, influence that jnay be studied and 
assigned. The tenure and descent of Pi^porty, the Marriage 
Ls^ws, iftiprovei^ means of Communicatibn,* are obvious, in¬ 
stances. ^ ‘ t 

Prom the foregoing ‘remarks, will sufficiently appcfir the 
JTotions, the Propositions, and^ the logical Methods the 
adlenoe of, Character. ^ It ViU He‘advisable, farther, to note 
^ Jhe heads of Ciassiflcation ; which wil^ serve as an importai^’ 
’ preparation for thA Logic of Politics. * 

• 

Olasaificaiion of Gharactefirs, 

26, The cla8sificati6n of* Ubbsacters is not a proper 
classification aocqrding to,the Natural, His^ry, mode. 

A ^ 

We tsould not, except by a useless*fiotioii} arrange charao- 
ters in Oj^ders’, Genera and Species. The real distinotioix be 
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tween charaotei^a is expressed by ^he higher or lower degree 
of some one or more of the nltiraate elements bl> character. 
And we do not ^d characters agre^ng in a plnrality of 
common' att|ibiiteSf exco|»ting so far as thdeelevatio^ oft one 
peopliari^ imp|jts the«depi%ssion of soth/ others ; and heiitc% 
we hare no basig«of generic or specific^reements. * The onjy 
possible way of giving an exbatstire ^connt of characteia is 
I to'assume by turns a high%r degree of each peonliarit^— 
Adtive, Emotional, InteHectnal, and to state the appearancea 
connected with that; whence by obveme inference could 
leather the concomitants of the low degree in each c^e. 
Thus, we could indicate the general conseqaeuces of an unusual 
pitch of Natural or*Spontaneous Energy; oT the Emotional 
Temperament on the whole, and of any of the special susoep-* 
tibilities to Eeeling or Emotion, as Organic Sensibility, Sight, 
Tender Emotion. • 

There is no limit to the possible modes and varieties of. 
character arising out*of the conjunctions of different faculties 
ifl exbbss or in defect. These conjunctions, lft)vvever,.must be 
governed by the laws of thuir elemental so that thejp ex^ai£pi- 
tion is purely deductive, under the check of actual cases. , 

27. The details of Character are thus the account t)f the 
separate peculiarities, follou;ed by the analysis and expla¬ 
nation of such select conjunctiofls as are <j#:*ten found, and 
are of practical importance. 

• * 

Under the bead of Action, we have important varie*lifa%—at 
indolence, general or partiatl, fitfulness of energy, and steady 
persistence. The* Emotional chai^ter is yet more varied; 
under it wo have ifie dispositions expressed^y sensqal, sensu¬ 
ous, sociable,' *reverential, irascible, e*gotistical, and so on. 
'^!he aspects of Intellect are more^tmmerous still; general^ 
lability, general stupidity, aptitude for language, for science, < 
t'or*^art, for businessi an<| ^any other still more special 
The attribums involved under (Conscience are a ^ery mixed 
prodaot. That predoi|iinanGe of the Love pf Gain—manifested 
from ancient times by the Jews, and in modem timeeL by the 
Eng]isl|» and the peoples *spruag from them—ought to be 
traceable to constitutional foundations coupled with efreum- 
stances. The sense of *l3ignity, united with respect ^r the 
Forms of Law, and .the regard teethe ^practical and Concrete— 
as combing in }>he ancient Roman*-^offer an interesting sulyect 
for analysis and explanation. 
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The ^distindtive characters of the Sexes are to be sought 
by the saifle analytioj procedure. These rfefer us to physical 
foundatidns, as well as to mental elements and to the opera- 

' d I 

tipif of eircumstunces. ^ # 

f TChe problems ofcAaracter take a p^faotioaflfShape in Eduoa- 
tioB ; being an enquiry into the means of mpnlding cha]i;acter 
accirding to prescribed types-^Active, Emotional, InteUeotual. 
T^je experience of the*^ edncabor is the verification of the 
•d^nce^ maxims. , T • '* . 

JInder the Logic of Politics, there Srill be a further occasion 
for applying the science of cl^racter. 


CHAPTElf VI. 

SCIENCES OP CLASSIFICATION. 

Mineralogy.* 

1. •Mineralogy is a Concrete, Descr^iptive, Glasaificatory 
science, referring to the solid inorganic constituents of the 
globe. 

* A Mineral Is defined as a solid homogeneous body» 
havinff a definite chemical composition and a definite 
%Tydmuine form. 

Mineralogy brings foingrard no new law^ or operations. It 
mgi’ely applies i^athematical, physical, and Chemical laws to 
the inorganic solid constituents of the globe. ^ Moreover, it is 
not so much engaged in tracing physical sequences as*iu 
' arranging and classifying the multitudinous materials we find 
in the earth’s ornst. Its laws are laws of co-existence, as 
Co^nhereqpe of Attribute. 

The science of Mineralogy is in close connexion with » 
Unemistry. Had Chemistry atcainedfits* present advanced 
shape c^t an gather period, there might have been no separate 
science of minerals. But fcft* the comprehefisive treatment of 
all material elements whatsoever,, nnder Chemistry, there 
mighkbe an objection to the exclusiveness of. Mineralogy, in 
refusing to take aftconnt of liquid and* gaseou^ bodies, as 
wateaund air. Yet, seeing thfct all thesp are sufficiently given 
in Chemistry, therp is no need for repeating tliem.in another 
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‘ fioienoe; and Mineralogy relains aits special send redtrioted 
scope, 'Which is to treat of substances presenting f^rm as well 
as definite composition. « • 

The chief advantage of detaching Mineraldgy from phemia- 
try is to enable ^ninerala to* be more fuM/ described in thaar, 
minu^ varieties^^nd to be more comprehensively olassiiled* 
The separation,relieves Chemistry of a burden, and allows a 
i^esh start in the process of classifying. 

a }£iner(G ,.—Into the definition of a mineral, • 
.two main facts enter, anti these dictate She whole plan of the 
science:—Chemical Compositioit and Crystalline Form, ^s 
regards the first point, minerals are either simple bodies .or 
chemical compound^ and as chemical oompohnds, they must 
be homogeneons substances, and not conglomerations of. 
different material like a piece df pudding stone oraif granite; 
such conglomerates are nat minerals but rock ^; qnartz is a 
mineral, gneiss is a rook. 

As ^regards the second part of the definition, minerals have 
a definite Form; a fact associated with thefr homogeneous 
character. The simple^ substances in^their jfhrity^ ancf tjje 
deffhite chemical oomponnd^ when in their highest degree pf 
consolidation, assume definite crystalline shapes; and the 
occurrence of these shapes is a further guarantee of the homo¬ 
geneous nature of the matefial, |bllowance being made for 
the property called iaomorphisni^ or the eriSience of similar ^ 
forms in different materials, which permits of their crystallizing 
together. 

The definition excludes clay, sand, and soils, these boiif^,for* 
the most part heterpgeneons, as well^as formless. 

The deposits* frqm organic bodies, as qoal, amber, and 
mineral resine,•ard improper minerals; they have neither 
purity nor form. 

I. Arrangemerd of Mimral Characters, 

2. The exhaustive stdtftmentfof Characters, in MinA*a- 
is substantiail^hthe same as in Chemistry. . ^ 

Under the Logic of Oheqiistry, we discussed the gjpiding 
prinoiplb of ari*aifgement of charlioters, namely, to follow the 
expository order of the properties: 'irom which was de^uced^ 
the following sequence. 

L CryeldUim Form^ 

II. Optiml prepertieff including Refraction, Double .Ilpfrao*. 
tion and Polarization; Colour; Lustre. 
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1] 1. ’ Specie Qravity. 

IV. Ooikedve properties, namely, Hardness, Tenacity, Elas* 
ticity. To these three heads are refJucihle Brittleness, Dac- 
tilityj Malleabilf^}\ ^ ' 

•Y- Adl^9n. This means the oo(|^sive'iraion qf dififcrent 
substances, without ^eniical affinity ; the*#^eading cases are 
solitions, alloys, and cemeifts. It ffiight be the head for 
entering the compositi6n of tlW)se bodies that are treated aS 
► alloys and not as q)ieiiiical compounds. . The 'isomorphoua 
uqions are of this nature. 

VI. Relajfcions to Heat. R.ite of Dilatation by increased 
te^nperatqre ; Melting and Boiling points ; Conduction of 
Heat; Specific Heat; Radiation, Absor|ition, Refraction, and 
Pol&rization of Heat. This is the exhaustive array of proper¬ 
ties havidfe reference to heat; and probably includes more 
than the mineralogist is ever accifatomed to state, they being 

. unknown for the greater number of minerals. 

VII. Relations to Elecirkitij :—Maghetic property^ ; Con- 

cfficliion or Isolation of Electricity (Frictional and Voltaic) j 
pjace in the Electric Series, from ‘Eleptro-positive to Electro¬ 
negative-; place in the Thermo-B]cctrio ^series. ' 

Vyi. Chemical properties. The mineralogist is not sup¬ 
posed to transcribe the whole chemistry of each substance* 
For his puiposes a selecl^ion ih made of chemical re*aGtious 
u'-eful in mineiVtl testing. , 

_ Occasionally minerals have Taste and Odour. 

'Ho 5 i» tar any of these properties can be related, by general 
‘taws of Causation or of Co-existence, with any other proper¬ 
ties, is an important enqfdry falling under Molecular Physics, 
aiKl is not especuxUy thy business of the irineralpgiat. Such 
laws of dbnnexiofi us may be established, simplify the study of 
minei'als, by making onq property the index of another. Tifat 
there are such laws is certain ; several have been noticed ia 
former connexions (Book IlL, Oljap. III. § 3). ' These laws, 
hofirever, do not, as yet, Uisp^^nso with the separate statement 
o^ the properties above given, although they may give to 
‘several of them a derivative character. * 

Theffact of there being l^ws of connexion of the p^^perties 
has an important bearing .on the next head. * 

TT. Maocimum of A ffinity of Minerals^ gadding thmr 

• ,Glamjfigation, 

• 3. «Il7 has to be seen what* classification of mmerals best 

* complies jvith’ the golden rule. 
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To brij^ together things tflat ht^ve in oommon the greatest 
number of leading* attributes, is the tirst oondition^of a elassi- 
fication. Now haj^e above enunfbrated mght^ diffei'ent 
groups cfT mjueral charac4ers ; and the ques^on ariseSt wh ch 
of a^l these shogld be the gA>andwork oii the arrangci^ent i^to 
olas^s. * 

There are suppositions d^hat, true, would faoilita*le 
»the decision. First, if by tj^e discewery of laws of miltual 
connexion, «.ny one of the groups oi‘ properties were a ke^ to 
, one or two other groups, there would ^he a reductioti of tbd 
V^tal number of alternatives. •Thus, if Crystallization were 
related to the modes of Cohesion, or i^ Electrical And Chemical 
properties were found to be allied, we should lie ablA to assrfme 
one of the allied members as representing both. ^ 

Again, if any one group of* properties, by intr^ic import* 
ance, and apart from the association with another group, had 
an obvious and marked predominance, such group would be 
properly chosen to give fche lead in the classification. In this 
foinVof view, for example, the Crystalline ar^'angement might 
be fairly preferred to either Heat or i^ectricity. * • • 

•On both grounds, ^reterence is to be given t<f these tWoi 
characters; namely^ Cheiftical Composition and CrystalHne, 
Form. Accordingly, these are employed a' the groundwork 
of classification. Mineral ive first divided according to their 
Cheraic|il Composition; and farther subdi^ed according to 
their Crystallization. In the mineral collection of the British 
Musenm, arranged by Mr. Maskelyae, no other property, is 
employed as a basis of division., « 

In the older classifications, other characters were ma^- use 
of The syst^ of Mohs proceeded on Oryatalline form^ Hard-^ 
jieaa, and S^e^ijio* Ghavity. Now, Hc^rdn^s, whicji we *may 
•otherwise express as cohesivq energy, must be a result of the 
mo\pcalar forces and arraiigemeni^ accompanying cfiemicql 
constitution and crystallization, and, from this circumstance 
alone, is peculiarly uncinlfed be a primary foundation of 
classes. Again, Specific Gravity may likewise b^ viewed as a 
rasult of the moleoftlar arrangements, under which the ulti¬ 
mate particles attain to gj^eater or less proximity. 

4?h^ arraugefnent of Weiss i^in its chief basiS chemical; his' 
primary division into Orders is governed by chemical *compo- 
sition purely:—Oxidized Stones, Saline Stones, .Saljde Ores, 
Oxidizeif Ores, Native Het^dsf Sulphucetted Me^als,*Iuflam*-‘ 
mables.M In subdi^^ing the'Orders into Families,^ he brings 
into play other considerations. Thus, impoi'tauce in fhe ooiq* 
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position of roqjcs, or in the geological stratifioWiion of'the glohe, 
determines such families as Quarts, Felspar, Mica, Hornblende, 
Garnet. ^.^Tgain, the precious stones, or gems, notwithstanding 
diversity of chemical composition, ^,a^e a* remarkable agree* 
mehl iif such cfiar^p^rs as hardness,^.tenacu^, high specific 
^rravity withcfht metallio aspect, tran£paren^, vivid colonra. 
We'may, however, fairi^jj^donbt whether either of those twG oir- 
oamfitnnoes is etiongh to^stify mineralogists in^’departing from 
th» arrangement according to tfie greftt primary i^ttributes— 
Composition and Form. In such cases,a supplemental arrange¬ 
ment should be made for the^pecific object in view, without 
distorting tha one principal scheme. The geologist, to prepare 
for'describitig the stratification of the earth’s crust, may select, 
and array for his own pm'pose, the predominating mineral 
^onsAtnen^ And, with a view.to the popular ^terests of the 
subject, the mineralogist may brin^ together into one group 
all the substances that combine the most highly fascinating 
propei*ties of external appearance. , 

The arrangem^t in the British Museum can be briefly re 
fersechto,* as carjying ou^tbe scheme according to Composition 
ftu^Form.* * • 

, The first division is into Native Blemenvb, or Simple Bodies, 
and Compounds. 

In arranging the Native JElem^tSj there is an inversion of 
the usual order Chemistry; the Metals precede the Non- 
ni'etals. This is owing to the predominance of the'fact of 
Solidity in the mineralogical view of the earth’s constituents. 
Tjie* ly^fle metals, therefore, ^ome first of all; and in deciding 
their* arrangement among themselves, no farther chemical 
viroumstance is taken into*hccount; the ref&reitce is solely to 
CTrystallization. • ^ • 

Under the first ISystem of Cnrstallography, Ibhe Oubic^ ar^, 
arranged, Copper, Silver, s^pd Gold. Under the fourth System, 
we Hexagonal or Bbombohedral, are* the isomorphpus mefajs, 
'Arsenic, Antimony, and Bismuth ; apcj tho^same fqrms brings 
into continuity with these the mre metAl, Tellurium. ■ 

.The Non-metaliio n^itive elements are Carbon and Sulphur ; 
Carbon ^ing found in the two mineral forms—Diamond and 
Graphite • 

Gompbund Minwola. — The native metals occur often as 
alfoys; *^d these are included with simple gainerals; an 
alloy is hot a chemical compound. The chemical combination 
of the metals takes place chiefly with tiie nor^-mei^ls ; the 
P^mindht instances of combination with other metals, are the. 
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compoiitiSB with’the Arsenides—Arsenic, Antiratony, Bisnixith. 
Aoobrdingly, the Arsenides, &c., are th^ oomraenci^jlg division 
■of conipoTind •mintya.ls z the subdivisions, as in the native 
■elements', b^ing according to form. Th^ three tloments 
Telipriam, Sel^iium, and Sulphur, ar< 'ohemipally groupedi 
together, *ander Jjhe name ‘ thionid* efements, and their com* 
pounds with tlje metals—Tellifrides. oelenides, Sulphidns— 
,are next in order j there being sifbordinate arrangemefts 
according tpo the, crystSiUine systems, which are n^rly all 
represented. There are%l 80 divisions according to still higher 
'(Compounds, as when Arsenide, &o., unite witj^ Sulphides ; 
which higher compounds succeed in order to the sample cQul- 
pounds. , 

The next division comprises compounds of the Metals avitlu 
the non-metallfo gronp—Chlorine, Iodine, Brominepffluorine— 
the ‘ halogens.’ Under thnse fall certain conspicuous substan¬ 
ces—Common Salt, Calomel, Sal ammoniac, Fluor Spar, <fco. . 

The remaining first rank Division of compound minerals is 
the Cffinpowndu of Oxygen —a division of enontious extan^ and 
progressive complication, •The chief fubdivirions‘^re these* 
foi^ chemical, the distinctions of crystalline form being reserved 
for the final snbdivirions. *Commencing with bodies living 
the lowest equivalents of oxygon—the Monoxides, we are led 
to the higher equivalents—the Se^quioxides and Binoxides; 
udder each of these heads, the farther subdivision is according, 
to crystalline systems. Next are the Oxygen Salts, of which 
the Carbonates are an extensive group of minerals, divided •by 
their crystalline forms into Prismatic, Bhombohedral, Vna 
Oblique. After these come the Silisates, a large, varied, and 
important class*of giinerals, subdivided cheioically in the first 
instance, and bjterjstalline form in the end. • To theSe succeed 
Borates and Nitrates. The fiaal grojaps are Phosphates and 
Arseqiates, which, in consequence of the isomorphisms of cor¬ 
responding compounds of Phosphorus and of Arsenic, cannot 
be classified Apart.. 

If it“be the fact that the two properties—Cliemical Compo¬ 
sition and Orystallin^Form-'have a comifianding prominence 
in minerals overshadowingithe others, or else carryinJ these 
along v^th them,'the foregoing ctaMxfication is in the highest 
degree natural or philosppbicaT, being accordant with the rule 
of the maximum of resemDlance* ** 

. * • * ' * 

4. The#Chemical Composition and the- Crystalline, form- 

also give the proper boundaries of Species. 
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The question as to the boundaries of species presents no 
theoretical difficulties (On the above schetrfe. Every native 
element, ahd every definite chemical cpmpeund, would consti¬ 
tute h well-markCa sj)ecies, an Infirnd Species, or Jiowdst kind, 
if fhe same element, ot the same compand, lla^» two allotropio 
forms, as Carbon, thejijj are distinct minef|l varieties^ but 
wouhl not be proper species. * , 

The practical difficnlTies attending mineral’ species arise < 
from copibiuations nqt chemical, whet’e the.elements may be 
in all proportions; as in the isomoFphous compounds, the ^ 
alloys, and ^le admixture of*foreign ingredients generally.' 
Sueh instnfices |ire prefper varieties^ and receive distinctive 
names and separate desq^iptiona whenevef the difference is of 
n ma'rked kind 

•i- 

III. Classification \y Grades. 

• 5. The Grades in Mineral Classification are used merely 
for arrangiuent, and not for shorl;euing the description pf 
IVHuerar {Species. 

,In the-scheme of Weiss, there are* three grades—Orders, 
Families, and Species; an irrelevant antf illusive semblance of 
the clas.sification in Botany and in Zoology, where the 
several gradations—the Orders; Families, Ac.—are each ac- 
.companied witk' a definifion, or enumeration of common 
c^racters. A Mineral Order, on the other hand—as Oxidized 
Stone^Native Metals—is accompanied with no definition, and 
suggests no common characters beyond what is gatliored from 
the name. So with theaFamilios. The /amily ‘Qnartz’ in 
the order * Oxidised Stones ’ is not define^ as'h, family ; .there 
are no characters assigned as common to nU.the species of 
the quartz family. There is ap OXIDIZED STONES^ a 
^sub-title Quab'I'Z; and tlfen commences the enumeration of 
species; so. that each specific description contains alh.tho 
chaViioters ^f that species, ef:aotly' if < it stoodp alone in the 
world. The Gradation, therefore, is a Division, but not a 
ClasBificatioi),. ' ® * 

In -tfce scheme of the British Museum, the division begins 
with the dichotomy of Native Minerals and Compounds.' The 
•Native Minerals are not' agaiu divided formally; they are 
simpl^' arranged in the order of crystalline 'systems. The 
Compounds involvb various*' subdivisions, which dould essily 
■1 m laid* out in the tabular fohn. As ,there is na-systematic 
^reatise on Mineralogy based on the scheme, we do not know 
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whether the gradation could be'properly courerted into a 
system of Orders and Families, in the*proper sen^e, with an 
enumeration of th!^ ch%.^cters of those orders and families; 
but, in all lilfelihgod, ujj^ such attempt wqpld be made. * No*^er 
OhSmistsy nor^^inerdiogy can gain much by* straining thS 
parallel of BotaHy anjJ Zoology^in thi^reapect. ' * 

, IV. Marking of Agreemenfand Difference. 

6. The exhibition ofeAgreeinent and*Differeiice in •Mineral 
description is gained in the fallowing ways. 

(1) By observing a uniform plan* 

(2) By proximity of species according fo the maxi mum 

of agreoineut. 

(3) By select comparisons. 

(4) By select contrasts. 


From the absence of defining characters m the highet divi^ 
siou»j(except as indicatecl by the significance of the names) 
the best means of stating agreements i^wanting. If the natvre 
of^he case does not permit of the operation of giving characters* 
to Orders and Families, must proceed by other ways. * 
(1.) A uniform plan in the statement of the character gives 
a facility of comparing any ope species with any other. This 
is carried out in workh on JSIinerfdogy, altivyigb not with all 
the aids^that typography might allbrd. • 

(2.) It necessarily follows from a good classification that^the 
species placed in close proximi^ty have the most n*[flM«roo8 
points of agreement, or the*fewest points of difference. When 
native metals are Arranged in crystalline forms, the contiguous* 
species have a ver^ large amount of similarity, an4 compara¬ 
tively few disdlmilarities. This produces on the reader the 
effect of a classificatiou by grades, with agreements stated at 


each'grade.. * « 

'(8) The ipind reQeivcjp great |S8i8tance from separate tables' 
of. agceements, on selbcf properties. Thus, it is convenient to 
tabulate the mineral| falling under distiipit crystalline forma; 
those having the same specific gravity; the same Igirdness, 
dbo. • ^bis is a gneat supplemental aid to the meniSil comparison 
of individuals. ^ * 

(4) Select ^contrasts*. Wilen important minerals ane* nearly 
allied, and apt to be eonfonn^ec^ they should be bron^t into 
direct cc^pari.son, through a statement of the agreeinjBf feat- 
nres, anda tabular cbutrast of the differences. For example^ 
Platinum* and Pi. 


300 


LOGIC OF MINEBALOCY, 


mi^ht have t^elr agreeing okaraotere given together, and their 
differences fbrmally contrasted. 

• . , V. Iigdex Olassificationstof Minerals., 

• T. .For the ready determining of jyfinerajs? recourse laay 
btf had to Index Table's. ^ 

The properties apparently most suitable are—Crystal- 
liz£rt.ion; Transparency, Lustre and Colour^ Specific 
Gravity*; Hardness ;• Chemical andfBlow-]pipe re-actions. 

Of the twe^ohief inodes of cdustructing an Index—asncces- 
sion of Dictotona^ies, and Tabulations—the first is exemplihed 
in Botany, the second ^ems adapted to the present state of 
Minefalogy. The thing requisite is to tabulate all known 
minerals aHiording to every one of these properties, so that 
when any one property is ascertain^, a reference to the table 
for that property \Vill show what group it belongs to, and 
thereby limit the search. The discotery 6f a second property, 
in lilge manner,* gives a reference to a second table, and 
^reraces thf' choice still Yarther. , 

The first table— Crystalline Forpis —wpuld be arranged 
*the oisder of the crystalline systems, and the important 
varieties of each, and would also bo adapted as far as possible 
toL the indications of the ^onidmeter. which measures the 
angles. ** 

• The Ojptical properties, Transparency, Transhicency, Lustre, 
Colbu^f might demand several tabulations—one for modes of 
Transparency and Translucdhoy, another for LustreS, a third 

• far Colours. There are doubts, however, os tp the practical 

utility, for purposes of discrimination, of the table of colours; 
since, alth&ugh oolbur is an important mark in pure substances, 
the admixture of colouriii^ matters is so frequent as to rendeir 
' Ihe tost misleading. • 

• A Table of Specific OroMiUes wopld be useful as a means’of 

testiftg. Many substances ard«well diarked by specific gravity. 
Thp different varieties of the important ^grpup of Dolomites, 
or magnesian lime sfone, are most conveniently distinguished 
by 'tfaisfiest. • 6 ® . . 

Hardness being reduced, to a scale of degrees, and being 
easily tested, is a valuabld aid to discrimination ; for which 
end thOre should be ^a table of minerals according ,,to degrees 
of Hardness. . * * • f ' 

^ With a view to Blow-pipe and Chemical testing,*there are 
needed corresponding tables for each characteristib appear- 
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anoe; as fusibility or iufusibility, solubility *in aoids, &o* 
This is merely a* modification of the ^methods’ ef Practical 
Chemistry. 

Each of the Index Uhles might Gontaideoolumng foa the 
other im^ortanitndex fropSrties, so as give all the ohamo^ 
ters |it a glance^* 

These tablesjIartheP point out Agreements among minerals, 

• and furnish one of the modestgiven fdt that purpose under the 
preceding head. .Their tise in suggesting Laws of Oo-existence 
t or of Causation, amon^ the properties of bodies, is sufficient 
lo give them a place among tht Arts of Disoove^. 


BOTANY. 


w 

I. Arrangement of Plant Characters, 

8. The arraugoiiient of the characters of Plaifts follows 
the expository order of tlie parts of the Plant. 


This is the principle alaeady exemplified in Mineralogy, and 
a'pplidhble to all sciences of classification. * 

In a complete system o:^Botany, the»First Division—Strj^c- 
tufal and Morphological Botany—enumerates the. parts 
Plants as a whole5 givihg a generalized and methodical' 
account of all the structures found in all known plants. 

Commencing with the constituent Tissvss of Plants, this 
division,includes-:-Cells and Oelfttlar TisStie; Vessels and 
Vascular Tissue; the Contents of the Vegetable Tissues— 
starch, gum, sugar, oils, resins, &o.; the Integivyentahy 
Tissues-^as hairs, glands, and other appendages. * 

Plants differ ii^ the modes of these constituent Tissues. ^ 
Thus, the Aeoi^ledj^ are cellular plants without vessels, or else 
v|tsoular plants with 'l^oalariform vessels ; l3ie Momcotyledom 
and Dicotyledons are vasculaa plants with spiral vessels and 
stoip^ta. , » 


The Organs or parts of Plants are divided into Nutritive*, 
and Reproductive. ‘^Tl^ mhtritive are the Hootj, Stem,* and 
Leaves ; the reproductive, the Flowers, and Fruit. An enume¬ 
ration is given of all %e different forms assumed by each or^ati 
throughout the entire assemblage of vegetable sppciesa There 
migh^e, under each separate phculiarity, a tolerably exhaus¬ 
tive reference to the plants pQSsessmg it. By such means the 
information respecting species is repeated in a differeh^ form. 

•To this*depa)'tmen|j of general Botany succeeds Vegetable 
Physiology, which, hpwever, hlos only an indirect bearing on 
the Classffication of plants. Any peculiaidiy of function in 
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individual species would be,stated under the organ concerned. 
Tims, soma Cellular plants, as OscHlatoria^^ have undulating 
movements in the cefls; and some, as Gonfervca and Biatch 
mac^oB^ conjugatitJ’, that is, unite thj»ii* cells in rjeproduction, 
bycmeans of an interposed tube. ' t <■ , 

* The next great division, called TaxoK>gicalBotany,“embraces 
the ^Classification bf i'Jants, cwith the. Descvjption of each. 
The principles of Classification yrill be considered under the ^ 
siiBsequent heads. The order of Beecriptim is the order'of 
the parts in Structufal Botany, as above quoted:—Cellular 
Tissue, Vascular Tissue, Cojttents of Cells ; Boot, Stem, 
Leaves, Flov^er, Fruit. , 

In referi*ing to a work of Botany for tbs description of any 
^ives plant, we shall nht find, as in Mineralogical treatises, 
a consecutive and exhaustive account of characters. Two cir¬ 
cumstances stand in the way of suc^ a description. 

In the first place, the system of grades, which is inoperative 
In Mineralogy, is thoroughly worked iuc Botany. Hence to 
exhaust the chavactccs of a species, we must ascend through 
atf tHe grades, •collecting the characters of each, and uniting 

• them in one series. The characters oY the ‘ Common Haw- 

• thorn’ are distributed (1) under thh species so named, (2) under 
the gtims ‘ Hawthorn * {Crataegus), (3) under the family 

* Rose ’ JRosacem), (4) under the class, ‘ Dicotyledon.* By 
assembling the ^mmon claracters of the class, the family, 

, \he genus, and the species, in the proper order, we shonld 
have a description of the Hawthorn. 

• I^fie second place, most.workg on Botany do net profess 
^o exhaust the known clj^racter of species^ or to give under 

* caefc species the whole of the information thaf exists respect¬ 
ing it; sa that eyen after collecting ilj® o^arg,Gters from all 
the g^^dations, we have not th^ full knowledge of the speoieo. 
^he reason is, partly, tha% botanical treatises are usually^ con- 

,*fiued to. the humbler function of determining or identifying 
plaiWs ; that the full ^ufofimai|^ion^ while very volumi¬ 

nous, is seldom asked for ; au5 partly, it'is to be feared, from 
vabillating between the two ends—detenfiinhtionand informa- 
tioD. * . , 

II. The Maximuni of A fUnity of Plants as guiding tJUir 

ClctssiJiccUioni . 

9. Ih considering the characters of plants, with a view 
to classification, \ze find the orcler of description jto be aiao 
•l^he orcier of relative importance. * 
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The cu'eamstiAnce that most of all giv^es importance to a 
character is the number of other characters that go along 
with it. Suppos^g |11 the characters of equal intrinsic 
value, ally qne that repnesents three othei%is four ^imea the 
value of one th§t represents only itself. • , ^ ^ 

There Is a correspoimence or ooncojuitance of oharaoteYs^n 
the fundamental part* of planta—Elemenfary Tissues,-l^tri* 
iive Organs, and Reprodugtive Organs—-which facilitates 
nsftural grenpings. Y^en we assume as a basis any onS o| 
this class of characters^ we secure at c&ice a large aAiount of 
tAgreement. Isolated charaotere| as Colour and Odour, giv^ no 
help to class!ficatien. • * , 

Now it is found i^at the Elementary Tisshes are the most 
important in this view ; next are the Nutritive Organs f an(^ 
lastly, the Reproductive Organs. Certain forraa»#f the Ele¬ 
mentary Tissues are aacofipanied with definite modes in the 
Organs, both nutritive and reproductive. By the Tissue^ 
alone, Plants are dividG(^ in the first instance, into Cellular 
tfhd vascular; the Cellular comprising the*lower tj,ribes, as 
Lichens, Seaweeds, and mushrooms; the VascTulart^the liig^r 
tli^erless plants and*the flowering plants. Thus, the dis¬ 
tinction marks the Icfwer a^d higher in organization. 

In the Nutritive organs, the embryo is the part of greatest 
importance ; on it rests the grand ternary division into Acoty- 
leclons, Monocotyledons, and DicAiyledons, •which represents^ 
numerous and important differences, and is, therefore, in the 
highest degi*ee a natural or scientific division. S«< 3 pn(fc'in 
importarroe to the embryrv or seed, is the root^ on wlfiT^ ih 
based a triple di^tision—Heterorhi{|al, Bndorbizal, and Exo- 
rhizal. After the root comes the «/ewi, by which is marked.tho 
great division, inwa ^?fogenoua and .Endegenousf together 
with the farther division into ^erogenous and Thallogepous. 

In^the Reproductive System, thl? stamens and the pistilt 
occupy the first place; these were the chief basis of the Linnean^ 
Arti^al ori* Index systgem* Tb#y are the essential orgaos in 
the Phanerogamia, or flowering* plants ; and have an analogue 
in Cryptogamia, bv flowerless plants. Next to these in vaTuie 
is the fruit; and after it, floral envelopes; apd flwally, in 
flowrihg plants; are found the inflorescence and bracts ^, 

Thus, by classing acconding^to the characters that carry with 
them the greatest number of other characters, there i^^ained 
thg maxiinnm of affinity on the Vhole. On the great leading 
divisions^is is effecljiaally secured. The difficulties * acise in 
disposing.of the families or Natural Orders, of which a large* 
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nnmber* is inpluded iu the immediately snpBiior olassee (or 
Bub-classes)*; 66 Natuf^l Orders are contained in the first sub¬ 
class of thb Dicotyledons (Thalamiflor^). It is impossible to 
arraftge ihese npOn any one principle of succession or ooutig- 
•Lilly; whence* such devices as circula^ arraftcement, double 
placing, &c. After,describing any one Watni^ Order, Lindley 
exhihits it diagramatically in *lhe centra of four other orders 
—lyght, left, above, beiffeath—so as to show its alliances on 
different sides. 

4 still greater difficulty is preseflted by the transition 
classes, wbiqjp, with reference^to the others, are denominated 
aberrant, qp departing* from a recognized assemblage of 
characters. At the end pf the enuroeratidn of a class is some¬ 
times given detached an anomalous or aberrant member, 
which, ho^^ver, by the very fact of its isolitfcion, is a new 
class. The genu§ Sple&nwort (iu fl,he Fern family) is a re¬ 
markably well-characterized and natural genus; yet a few 
species are scarcely to be distinguisiied from some species of 
Slpeldfem and Polypody, except by the son. 

“ ^ .* III. Cla8sification)}y Grades. v 

► * o 

10 . •Botany is the happiest example of Classification by 
Grades. 

. It is a peonliajt*’oircnmst^ce in Botanical classification, that 
the higher divisions are made upon the more fundamental 
charac^ors (the Tissues); that the next snb-divisions are upon 
chacffSters next in order of importance (the Boots, Ac.) The 
'Natural Orders or Families are characterized by general 
structure, bat especially the Flowers an^ tffe Fmlt« The 
charaotere of the d^enus are a conti^ijti^ 9 f. those in the 
Order. In the Species, the differential marks embrace Stem, 
Leaf, and Flowers. Tbh tendency of this arrangement is 
•to reduce to comparative insigiitficauce the distinctions of 
Species. \ c * ♦ *, • « 

For practical purposes, great interest attaches to the various 
l^rodnots or deposits^in plants—starch, sfigrfr, gam, oil, resins, 
Ac. T?iese ^special products ofte?i prevail through Natural 
Order;, while sometimes the/ attach to Genei^ and sometimes 
to Species. •' ^ » 

Thetfhotives for settling the lowest Species, as distinguished 
from Varieties, werft former!/ stated. Constancy*^ or perma- 
nence^f characters is one of the conditions. Thu8^tbe Water 
•{{annncnlns assumes many striking variations of form, which 
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have bees regarded as specific di^tiaotions; but from their 
inconstancy, and iiheir dependence npon situatloii, they are 
more correctly deemed Varieties. So*Goloar is a^haraoter 
that must be gen^rall^ jirithheld from specific ma|;ks, vand 
given as a vlriety. . • 

^plurality oftmportwnt characters u the best workable’.tcjpt 
of a fpecies. Tlfb swQct orauget and tro bitter orange arg re- 
^rded as Varieties; the lemon is heldito be a distinct Species; 
‘th» points of difference Jt>etween the sweet and bitter orangei, 
are fewer than the differences between* the orange dnd the 
•lemon. • 

In the inferior forms of Plants, the specific mai^s are oft,en 
very limited in nun^er, although they may tefer *to organs 
high in the scale. Thus, in the Ferns* the limitation of ^oth, 
genera and species has always been a matter of dif|titilty. The 
chief reference is the fructj^cation, or the arrangement of the 
seed; a character of high fixity and permanence in plants ^ 
throughout. In grasses tgo, the limits of the numerous genera 
iiB 0 clearly fixed,—a proof of the fewness of available 
characters. ^ • * • * 

The apparatus of Ghadea necessarily collapses when the 
organization is not ofei suffiftiently high order to allow of a 
series of halting places with important community of*attri- 
butes. The eight, ten, or twelve steps of descent that may be 
interpolated in the more, elaborate!^ organized DicotyhdonoiM 
Orders, at'e reduced to three or four in the Grasses and Ferns ; 
while it may be difficult to maintain even that nnmbei^ in thfe 
Fungi, Lifihens, and Sea-wepds. • 

IV. Mashing of ^reemenf and DiffereTice. 

11. The 8ystenafe#*^ffiides so far piovidies for the state¬ 
ment of Agreements. 

Wo* have frequently eddied attention to Agreement and 
Difference as the fundamental fagts of all knowledge. The 
more tHorou^ the provision for* exhibiting these *two fact?, 
the better will the eul^ect matter be knowp and understood.* • 
By forming a class, we indicate a community of attrt|3ntes; 
and evofjthing should be*done«to exhibit the* Agreement 
plainly. The tabular form is more particularly suited to^ 
characters that can be* expressed'shortly. It is a«grand' 
mistake to anp^se that the forma and,typography of ordinary 
com'bosition are suited %o the generic and specific desori{)tions , 
of plants (fc of mineralfi. The different heads ef the descrip- 
* 20 



306 


LOGIC OF BOTANY. 


tion are seized with difficulty when scattereid indiseriminately. 
over the planted lines—sometimes at the beginnings, and some¬ 
times at the middle dt at the end. Any remark on a character, 
by of oomogentary, or explana^dh, involving the composi¬ 
tion of one or more sentences, shcnld be printed m the compact 
fprih of ordinary composition; but toe brp|?en, naisent^inced 
^s^ription of chaf’act&s shoi^ld be excjjnsivdiy tabular. ^ Such 
expressions have already the reality of a tabid, and to deprive 
tHbm of the form, in order to make them seem cpmjoositionf is^; 
to withhold the only* advantageous iV/ode df presenting them 
t<f the mind. * Thus to take tl^^ genus Ranunculus described ns 
below* :— * , 

*The fiiftt sentence, containing a very ^general remark, may 
staiid as it is, out of the tabular form ; ‘ Annual or perennial , 
herbs, saspetimes entirely aquatic;' this shqpld be coupled 
with the sentence that comes aft^ the description, as to the 
geographical spread of the genus. The proper descriptive 
characters are strictly matter for a^tablp, thus 

LeaveSj entire^ or more or less divided. 

*Ftow^rSt usually yellow or white. 

SepilSf 5, very rarely reduced to •three. 

Petals^ 5 or sometimes more; each ^Tith, <&o. 

IStamens, usually numerous. 

Carpels, numerous, without awns, &c. 

As taWlar wrangemeits are hard reading, they may be 
relieved and lightened by remarks and illustratidns, or by 
adding information that properly takes the form of regular 
•confposition. 

^12. Considerable nidhty attei^s the exhibition oi Differ¬ 
ences, tjiere being, ^ except in^S^^ljQl^miea, no regular 
' method. 

Numerous examples^ave already been given of ^stating' 
difference by pointed contrast. When more than two things 
ard compefed, this is imprae^icaffit.** ^ill, thet value of the 
^pointed contrast, as appealing to the most fundamental sencu- 
oility of the humait mind, should neveifbe*lo8t sight of. We 
may, ftr example, select for comparison among the numerous 

• Annual or perennial herbe, sometimes entirely aquatic. Leaves entire 

• or moiyi or less divided. Flowers usually yellow or white. Sepals 5, 
very rarely reduced to 3. Petqls 6, or sometimes ^nore, each with a 
thickened hollow spot at ^he base^ often covered By a minute scale. 

• Stampns usually numerous. Camels numerous, without awqp, in a globu¬ 
lar or obloU^ head, each containing a single omle attached near its base. 
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a genus all the twos thait are most liable to be coa- 
founded. . * * • 

If the differing sj^eci^ of a genns, or the differing^geuera of 
a family,' difl^red throughout; that is, if no two agreed in any¬ 
thing but in th^* comiOon Teatures of the higher ^class,^ th^ 
poin|ed oontrasij|trould still be effecti^. Thus three objeq^s 
might be contrasted Gfh a singih feature, <3iffering in al% the 
•three. The actual case, however, is tfiat differing species hjre 
many partial agreement; of six species, three may agree in 
.some one point, four in Another, and so on. In this state^of 
icings, we might carry out a little farther the exhibition* of 
Agreements. W6 might give Nos. 4, 3, 4^ 6, m agreeing 
in certain features^ 2, 4, 5, as agreeing lu others. An 
additional plan is to modify the statement of the generic agree-* 
ments thus:—f'eature A is pbssessed by all ex«f>t No. 2 ; 
Feature B is possessed by«l, 4, 6 ; Feature 0 by 2, 4, 6,6, and 
so on (adopting the tabular form). 

For example, Lindloy constitutes an * Alliance' or Sub-class, 
Serbe/aleSy in which he places seven Natutal Orders^ dis¬ 
tinguished by the Flo^eraj Stamens, •Pistils, *&o. but with 
pattial agreements, thus— • . 

Flowers ; regular and symmetrical. All the seven, gxcopt 
Fumariaceas. 

Placenta; axilo in four ^nammg them), parietal in two, 

• sutural in one. . *• 

Stamens; alternate in four, opposite in three. 

Every device that brings clearly into the view either«^i:%e- 
ments or*Differences is vital to the understanding and tfie.re- 
collecting of the character^f the various classes. Whenever 
there is occasion og Bcoj mJ pr the exhibition pf agreement and 
difference, the saaiHlSP' of it should be prominent ^nd even 
ostentatious; often the best course i^ to detach the statement 
fromjthe ordinary form o^omposition, and to put it in tabular 
array or contrast, as already exemplified. 

It is a rule of good*ex|[ldhitioi\^ot to mix up th€edescri|fkion 
of characters with reflections and theories as to their causes 
or explanations. This applies especially Cb all sulnects where 
the d€i|priptions are long and coigaplicated. The* mlldlring is 
an iffip^oper mixture of the two modes—‘ The odours of flowers, 
as well as their colours,, vury much!* The sources of odours in 
flowers are obscure. They ar^ often traced to the presence 
(^fragrant volatile oilskin resirts. The ^uvla are of such a subtie- 
nature asdSb elude chemical analysis. Somd flowers afe odori¬ 
ferous onl^ in the evening. This is the casp, &c.’* The sou- 
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tences in italics shonld brwe been withhel^r until *'the facts 
respecting the prevalence of odours had been first stated. 

* V. I/idex Glassification lof Plants. 

® • A C ^ 

V13. From, the circumstance* of rpassing through the 
'Ljnhtean classification so well adapted to*{he reatly d^ter- 
raiivitioii of plants, Botany® affords lihe best example of 
an,Index Classification* » 

We may retain for this purpose thet^Linns^an system in its 
literal form; or we may have recourse to the modified schemes 
of recent Bo<;anical writers. The principle.is the same. Wo 
commence *with«certain characters, having alternative modes ; 
and Jihe key or index informs us what classes each mode points 
^to. A sojpnd character is then examined, its alternatives 
found, and the corresponding classes discovered. (See Lind- 
ley’s Vegetable Kingdom, Bentham’s British Flora, &c.) 


^ ' LOGIC OF ZOOtOGYl 

J14*. The difficulties of Zoological Classification relate 
to, the multitude and the complication of the Animal KiLg- 
dorn., * * 

The multitude of the objects to be arranged, and the com¬ 
plication of even^he lowe^ forms, distinguish Zoology from 
other classiucatory sciences. There are certaici partial 
compensations. As compared with Minerals, the organs of 
Apresent numerous relations of concomitance ; and as 
compared with Plants, the Animal* Kingdom falls in a remark¬ 
able degree, under a linedi series^ w conseoati^e development. 

_ Characters of AWffms. , . 

15.* We must look fo« the'characters of Animals in the 
►division of the animal system into constituent Organs. 

The Animal, like the Pla^t, Is* ipadja up of, Tissues and 
Organs, which have a certain amount of sameness, with 
faViety, throughout*the entire Animal JKihgdom. The enu- 
meratiQ^a of^these belongs to Biplogy ; Connective tissue, 
Elastic tissue, Adipose tissue* Cartilage, Bone, Muscle, Korve, 
yascular tissue, Blood corpuscles, <jto. In Zoology, however, 
the Ti^bues are viewed mainly in the Organs; and Zoological 
characters are charactens of brgans. There is not the same 
use nxade of distinction of Tissue, as w^ have «een#in Botany. 
'The basis of 2k>olQgical Classification is the division of the 
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Animal system into Organs.' Those, with their fanctidns, may 
be variously arratiged, there being tvt^o natural groups; ( 1 } 
the Vegetative Organs^and Functions (Nutritive amd Repro- 
ductivejF —4 Digestion, Absorption, Circulation, Nntrttion, 
Secretion, Exci£ftion, Respiration, GenA'ation, Dev.elopment^ 
(2) the nighe%*Auiiiw.l Organs — Rpcomotion, the 
the Brain. 

In all these various organs, chifracters may be sought; 
there beingp none .but wfiat are subject to variation throughout 
the Animal series. TBb Anatomy of Vertebrates comprises 
'the following parts:—Skeletot, Muscles, Brain and Senses, 
Teeth, Alimentary Canal and Appendages, Absorbents, Circu-' 
lation, Respiration,mrinary organs, §kin, Generative Oi-gans. 
The Blood is also a source of distinction in the larger divisi!Dns-v 
as between VeJttebrate and Invertebrate, Warm-bl#^ed (Birds 
and Mammals) and Cold4)looded (Fishes and Reptiles). 

The grand separation, common to all classificatory sciences, 
between the General and the Special Departments, in the 
AnimM Kingdom, gives birth to the two su^ects,— Uorqpara- 
tive Anatomy and Zoolggy* As in Miiforalogy* and-,in Botaay,^ 
tUbse should repeat and support one another, giving the sajne 
information in two cRflerent forms. . 

The Comparative Anatomy arrangement, besides settling 
the selection and the order of Zocdogical characters, is a most 
pbwerfuj instrument of generalizaflon. The Ixhibition of each 
successive organ in all varieties and modifications, discloses 
many aspects otherwise hidden; and places the morcigeriferal. 
and fuiidainental peculiawties in a strong light. Much of 
the insight that viid at pre^nt possess regarding the brain is. 
due to Comparative ^^sroray. Too gresj: pains cannot be 
given to the perfdCBfiig of the Compamtivef Method; and the 
grand secret is the lucid presentatioj/ of agreements andof dif¬ 
ferences. 

16. There being, ip.Aniigals, a number of di^ifinct* 
organs, a search id made fof Laws of Concdinitance be¬ 
tween them. • 

It i^a part of Biology, a&d ai\ indispensable aid tol^oology, 
to Bnd out the correspondences^ or laws of conccmiitance 
between the diflFerent * organs—Moving Organs, J!^ervous 
System, Qige6tion, Reprodnctiqp, &c. * 

VThese laws occur imder various as*pects. Some are empiri¬ 
cal genffrhlizafioDS, such as the coincidence^of the ruAninadt 
characteristic with the cloven foot and 'h^rns on tho frontal 
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bone. 'Other coincidences'are mutually relatfed, and are part 
and parcel of the development of the species} as the advance 
of the brain with the muscular By(pteffl< the reproductive 
organs^ end the'organs generally. ‘ The fact of increase of 
organization as a whcfle implies laws o,f concomitant advance¬ 
ment of all the le%din^ organs. The connerHon between an 
anixtal’s organs and its circumstances br conditions of life, is 
no^alaw of co-existence,‘out of matual implication; it does rot 
‘ gi^ us two independent facts, but the same .fact on two sides. 
AH references to the element of each species—water, air, 
earth, the body of another arfimal—are to be held as merely 
' illustrating the nature of the organs. 

The best established,laws of concomitance in the animal 
orgafis, on which depends the existence of a science of Zoo¬ 
logy, as (fijJtinguished from a Comparative Anatomy of ani¬ 
mals, are liable to exceptions. Sometimes a single species 
will mar the unanimity of an entire Division, like Amphioxns 
among tishes. It*is clear, however,‘that such exceptions are 
to be^ mentioned^, and then disregarded. They do not even 
pnsvent uf froih suppdbing that the characters whose c(m- 
junction they violate are united by cause and effect; tor 
* although causation permits no exceptions, it may be ocasionally 
counteracted. 

The more we can exha^t the relations of correspondence 
or concomitance'and the more precisely we can express them, 
the better are we prepared for the great classifying operation 
that ^akes up Zoology. The fall import of the remark will 
appear uuder the next head. * * 

It might seem superflucfes to iri^st on preserving a regular 
prdor in the stat^ent of Cbaract!^c^ thro ughout the whole 
scheme—Whether ^iu the ComparativeiS^attfmy or in the 
Zoology,—seeing no one ^san fdllow out comparisons that are 
not uniformly expressed. • 


Til The jitcudmum of fwt gisoing iher Classes. 

, 17. The choice oj Classes follows thei,anaxmium of agree¬ 
ments the^ several organs. ^ 

The/existence of Laws of Concomitance indicates the possi¬ 
bility of finding animal groups that ‘agree in two, three, or 
more fihgans, or important ^modifications of brgans. The 
zoologist grasps at (his‘circum^nce, .'.n'order to form his 
leading classes. * ‘ i «. 

,In appearance, Jmt only in appearance, there ii another 
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principle of grouping. Some one organ is chosen as thb basis 
of classification; for example, the Bepro^nctive system, which 
gives the name to Mamipalia. In reality, however, such choice 
is made not en acconnt olHhe organ by itself,•bat on ^kocoMint 
of the nwjjfter oi fts alt^nceS. • . . • ^ 

Alt extreme ftlpposition will place^this^ fact in a cleartr 
light. Let ns imaging that evefy one of the leading orgmins, 
•or systems,—Nervous, Reproductive, %c.—was wholly uncon¬ 
nected in itf modificatio&s with every oj^ber organ; that ^e^ * 
i^ervous system mighf vary through all possible * modes 
without any corresponding variation in anything ^Ise. Uncfer 
such circumstance^, we might have a (Comparative %natomy. of | 
each organ, but no Concurrence of organs. Zoology would 
be incompetent and non-existent. The only possible clensifi** 
(^tion would bh according to the Comparative Anatomy of the 
several organs. We ra4ght assign a superior dignity to 
same one organ, as the Brain, and give it apriority in arrange-. 
i:genl^ ^aud a preference in*study; but after the entire animal 
kingdom had been exhaustively arranged undeP the comparative 
anatomy of the Nervocys System, the •Same ofiera^on wouLi 
have to be repeated lyider the other systems ; the work worjd 
then be finished ; being substantially the present sciepce of 
Comparative Anatomy, without the relief that is at present 
afforded, to the overwhelming mass of details, by laws of 
Concomitance. • 

Accordingly, the justification of preferring one organ as the 
classifying basis, is avowedly its alliances. The taKpnomic 
value of the ‘ placenta ’ in Mamiftalia is the number of oGai^ac- 
ters that it car];ies*along wipx it. ‘Man, the Apes, the Insec- . 
tivora, the Cheiro^ra^^AV^s Rodentia,—arepll as closely con¬ 
nected by i\\e\T»placental structure as they arts by thSir general 
affi,nities' (Huxley). The real^otivg to the grouping is Twt the 
placental structure, but th« general affinities. 

We may make another illustrative supposition. If all the* 
organs were*striotly*co-e*qfial in^Hevelopment and in modffica- 
tions; if the Nepvc^s System, the Muscular System, the 
Reproductive System, (fee., were all modified iu strict concomf- 
tance, ^here woqld be no Sncb Jibing as a preferen^ organ 
whereupon to base classification j the Reproductive<«organs 
could be no more a clue Ibo the ‘ ^neral affinities ’ than the 
digestion, dor the respiration. %bere would be no mention of 
a ttpecial basis ; goheeal affinity would alone be prominent. 

It wottfd appear, however, that the constituent systems of 
the animal organization are not co-equal •tpid concomitant in 
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fcheir changes ; some carry^with them more, &nd some less, of 

general affinity or concomitance. Taking the whole Animal 
Kingdom, we find th£Et the Nervom is by far the most 

important basis ^of classification; th© reason bei,ng that the 
organs generally cani|ot advance withi^ut a corresponding^rise 
in the reflating and ^-ordinating oi*gan. ■ ^There "cannot be 
aft Extension of the mitscalar apparatus without an extension 
of tie brain; while thei muscular apparatus itself implicates, 
many other parts of the system. t , 

Next«to the Nervous System is thacL part’of Reproduction, 
en^racing the mode of Develf^m&nt of the animal from the 
germ upwai^s. We hj)>ve already seen how far this governs 
thef divisidhs aitd sub-divisions of the Mammalia ; their very 
name is founded on it. • 

“ If, for t?;| sake of illustratiorj^ it were asked ^what would be 
the worst organ for classifying upoi^—the one that undergoes 
the greatest degree of unconnected or isolated variation,—the 
answol* would probably be the Heart> 

III. iJlassiJiixition hy — Specie, 

d8. It being assumed that ea6h class is formed on the 
maximum of affinities, the number of grades is regulated 
by the occurrence of a succession of suitable groupings. 

• -The grades, or halting-places, are a relief to the burden of 
ni^erous common characters; but there is no need to con- 
‘Stitut^ififbm where the amount of resemblance is inconsider- 
ablev 

• In the higher Vertebrates, a auc^ssion of six,*seven, or more 
gmdes is a^missibfe and advisable ; ^^risleibt£e attempt to con¬ 
stitute Natural Orders, Genera ^nd Species, in the Protozo^ 
is misplaced and savours (Jf pedantry. 

^ In Mammalia, the distinctions of Species may be numerous 

diflgprenvjas. separate the Lion and 
the Tiger, tlfe Horse and the Ass. fn Rirds, on the other 
hq,na, the species often turn upon small a?ld ftice peculiarities. 
Of the %ee hundred species of Ps^rrots, it is impossible that 
there cau be specific differences either numerous or important; 
the Psittaoos erithacus, for ,«example, js distinguished as crew, 
with <014 ^ The domesticated variates of the horse, dog, 

and caf, have wider .differences than many species^ or ev^ 
genera, of the lower, animal tribes. The"differences-between 
a,Negrd and a Caucasian {varieties of ihe Species—Man) pro- 
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bably surpass in*namber tiie distmccious oetweei\ two jC^atural 
Orders of Infusoria. * 

Xu some cases, tliere ^conra a single cbar^cter sd bold and 
remarkable as to satis^ bur utmost demnufls for a* spdbifio 
distinctioi^. S«db istlf^ extraordinary dlectrica^ organ ia.^r-* 
tain^slies. Th4*speci6S of the Qymrrotus yarned electricicSi^s 
su^oingly marked this sin^e feature, in whose presence 
describer abstains from bXL furthe^ specihcation. 

IVT Marking y Agreement and Difference. • 

•• 19. Zoology depends greatly on the rule of parallel 
array for Agreements, and of pointed contrast* ^pr Differ¬ 
ences. 

The oharaoters of classes, high or low, should thrown* 
into the form Inost advantageous to the reader,^hat is, the 
tabular arrangement, witU appended remarks and comment¬ 
aries in ordinary typography, 

^Fof example, the cBaradlers of Ayes (reckoned sufficient for 
discrimination,although inadequate asinformatipn) are these:*- 
Beproduciion :—oviparous 
Bespiration: —^r-breijitbing 
Heart :—four cavities, as in the Mammalia 
Integument :—feathers 
Teeth :—wanting; substitute horny jqjjjs 
Locomotive Organa ;—the anterior limbs are wings. 
Besides these characters much is to be said as to the poiq;ts 
of community, in the Nervous System, the Digestive System,* 
and other‘parts. • 

For the stateipent of DifFe'^nce w^may select Mr. Huxley's 
primary division of Hirds^ato three classes ; an instance wbrn^e 
the pointed coAtraarmay bo extended to three members;— 
SAUKUHA) RATlfiB » CARINATjE 

• Metaearpal Bones 

Not ankylosed Ankylosed Ankylosed 

* Catidaff^eriebr& and Tail • 

Longer-than botl^ ^ Shorter Shorter 

Crest of Sternum 

None • Present * 

Barbs of the Feathers 

• Discdhnccted Connected. « 

There arasetreral other characters of the second and^hii*d 
classes, and no more o^the first.. Hence, w^ might have put. 
the first fl^inst the tfWo others as a whole, and then worked ' 
out the present contrast upon these two. 
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Not merely.in the formal •texhibition of genano ana specific 
sharacters, but in evejy incidental comparison of one class 
with another, the statement of Agreements And of Differences 
BhouTd'ahvays be^lear, emphatic, and ostentatious* 

• • *1 

V. Imdex Glassification. ■ 

20. An Index Classification for ZcJblogy .might choose 
between the two alternatives—tiie tal^lav and the dicliotoT^- 

OXiS. • 

The Tabular method has alieady been suggested for Mine-* 
ralqgy, an^ *will, again* be brought up for Diseases. The 
Dichotomous method is carried to perfection in Botany. 

, A tabular plan could lie based upon Comparative Anatomy ; 
there bein^^ven, under every peculiar mode of each organ, a 
complete list of all animals possgssing that mode. Thus, 
there .would be a table of the species conforming to each 
grouping of the Teeth, so that the discovery of such grouping 
in any given specimen would decide the animal as one nf the 
liq{. A second'character being noted as present in the speci¬ 
men would direct to a second list, where the animal must 
appear; the choice is now narrot^ed t(y*such as are common 
to both lists. A third, and a fourth character, being followed 
out in the same way, would reduce the choice to s^ smaller 
Jimits; and evelitnally th/, enquirer would be guided to the 
proper Species. 

'The,dichotomous method of Botany, if fully adapted to 
Zoqlfily, as it might obviously be,.would be still better. 

The want of an Index ifi less fe^j in Zoology because of^ the 
better marked specific distinctiomi^t leasj; uhtil we descend 
to the iirferior mbesf where there aitr’mumerous species, 
slightly marked. It would he pre-eminently necessary for 
Birds, among Vertebrate animals,^ and for the Invertebrate 
* Orders generally. It is less necessary for Mammalia, except 
in a*coUeotipu of unusually vast dkteyt. ^ 



CHAPTER VII. 

CiOGlIl OF PRAOTJ^E. 

9 

1. The Practical Sciences are defined by their sevdtal 

liNne. 

Medicine is the practi($kl science having for its end Health, 
(^fammar and Rhetoric have foi ends the perfection of th*e 
instrnment of Language. • 

2. There is one crtiwning end, the «um of all other ends, 
namely, Happiyess or Well-b§ing. 

People desire Health in «order to he happy. There can he 
no end beyond human enjoyment—the gaining of pleasure 
and the averting of paki. 

I ■ * • • 

3. The final end of all pursuit yiust be assumed or 
gran,ted ; it cannot be proofed. 

No proof can be offered of* the position that Happiness is 
the supreme end of human conduct. We must be satisfied 
with the fact that mankind make it the end. As all proof 
consists in.referring the point in question to i^c^ething more 
fundamental, there must be at last something taken for 
granted on ite own account. Such is Happiness, the hj^eflt' 
crownjng end. Men desire Happiness, either for thems(^§s 
or for others, as the goal of alJfendeawur. 

• 4. There is, howler, a want of perfect unanimity as fo 
the "final end. Sbme even deny that Efappiness is the end; 
jvhile there may be great di&rencd of opinion as to* the 
nature of the happiness to he sought. 

The end set up by spm^, %s th^ final end of all, 4 S Virtfle. 
To those that embrace this view consistently, there is no 
reply; there is no possible appeal from a fubdamental end. 

We n^, however, enquire* whether any class of •persons do 
oonsist^ntly and thoroughly maintain virtue, and not happi¬ 
ness, to be the sole end o^ aill endeavors. Wherever there is - 
inconsistency, an argument is possjble. . • 

Nqw, in reply to 'tlijp settiftg up ofi Vi:^tne, or mere self- 
denial, as aii*end,'we may urge. Grab, that the* conduct of man- 
^kind shows that, in the great mass of cases, they regard virtue. 
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as a mficins to happinoss* ‘Tho virtue of Hovfard. consisted not 
in the fatigues and privations suffered from his journeys, and 
from visiting squalid dungeons; it w^s inihe amount of human 
ro?H^y*that he Velieved. ^ * 

• Secondly,* the petition that *Virj(Ue is *aQ en(J is aimost 
itiriformly coupled wfth tlye assertion tha4in the long run, 
Viftuc is Happiness; which is merely*another way of assign- 
ilg Happiness as tho ehd. • , • 

Thi\;dly, the thorpugh carrying out of the position that 
Virtue, in the form of ascetic selt-denial, which is Virtup 
dissociated^frorn Happiness, the ethical end, would be tanta¬ 
mount to alj^ishing*the difference between good and evil, 
with whicli virtue itself is identified, ^rtue, in the sense sup- 
pot?hd, ^parishes in misery ; the more miserable we are, the 
greater sfiope we have for virtue; the mdre miserable we 
nfake other people, the more scopff we give them for virtue. 

Again, Happiness may bo allowed as the end, and yet there 
may be wide differences of view ih thb interpretation.of the 
The partizans of virtue may re-appear on this ground, 
{firming that Happfiaess is only tQ be found in Virtue or 
Duty, not in enjoyment and ip the |bseuce of pains. *The 
reply proceeds as before; are these reasoners thoroughly 
consistent with themselves ? If they are, they cannot be 
refuted; if thw are not, ^ley may. 

Great variety of opinion may be held as to the beings whose 
happiness is to be sought^ Are wo to seek our own happiness 
• s?ilgfy,*or the happiness of others solely, or partly the one and 
partly the other? How far are*we to extend our regards— 
to our own kinsmen, tlb our tldlow citizen^, to humanity in 
gt'ueralj^to the*lower animals? In none of these points is 
aropment possiHle, ufiless where people are iiKOnsistent, which 
they need not be. We*canndt reason a person into the adbp- 
tion ot other people*s happiness as an end, unless 8uch»person 
has already of his own accord embraced some doctrine that 
iiuolve.s tfhis, as for exam^e, the profession of Christianity. 
^^Teither can we offer any reason for extending sympathy to 
tho lower aniiuals. An education of the feelings is the only 
mode of enlarging people’s aympdMihies, No/nan can be argued 
out of a consistent selfishness. * * 
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•LOG<p 0^ POLITICS. 

.1, Politics, in the largest s *nse, refeps to the actiom of 
hurj^an beings in Societj*. 

The notion of Society can be gained* only by eaclf one’s 
fndividaal experience. The fipst^example of it is the Family, 
which contains a plurality of persons in mutiyil cb-operation, 
with command andobadience. The earliest notiofls of atit hority, 
law, command, obedience, punishment,*superior, infericu*, riiler, 
subject,—are gained from the -various aspects of* fte small 
domestic circle. 

The larger aggregations of the school, village, parish, tpwn- 
ship, church, &c., repeat al] those aspects of the family, while 
dreppfiig the incidents special to the family. • 

2. The science of Politics, as a whote, is eiflier Theoreti** 
cal or Practical. 

Under the Theoretical Science of Politics must bo described 
the structure or organization of Political Society; this being 
equally essential as a preparation ^r the Prictical Science. 
All the leading terms of Politics must be defined; all the parts 
of the Political system explained. To this preliminary bjanoh'. 
Sir G. C. Lewis applies the designation ‘ Positive Politic^?* ^ ‘ 

In the second place, the 'llheoretiQal Science traces cause 
, and efiect in pdlitical institutions, as facts of the order pf 
nature; in the ^^incpway as Physics and Chemistry •describe 
cause and effect in inorgapic bodies, and Biology in liying 
• bodies.^ The theoretical department of Society would state, 
upon evidence of fact, conjoined with reasonings from human 
nature, what are the eon^pquBnce* of given institutions, 
quote from Sir George Lewis :— 

* It assumes that we kfibw what a state is; what are its functions; * 
what are the conditions necessary for its existence; ];>7 w%at in- 
strumeHtlb it acts; what are its possible relations with other |tuteB. 
Starting from this point, it ipq^res hoip certain forms of govern-^ 
riient, and certairi laws and political institutions, operate ; seeks, 
from observed fdets and from knpwR principlos of human nature, 
to dfttermine their charalter and tendency; it attempts to frame 
propositions Respecting 4;heir probable conseqUcncos, eitKei^uni- 
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versflllyi or in somo liyyotlifitical*3tatG of circ’iinstancrs. Thus it 
inay undertake to determine the respective chpficters of monarchy, 
aristocracjr, and demoeracy ; it may show how each of these forms 
of government promotes the happiness ofothe community, and 
wMch of them ia Referable to the other Cuh. It may inquire into the 
operation of ,certain modes of preventing cria|f s—as police,—of 
qpminal procedure, ancbof legal punisMbiont, such as death, trans¬ 
portation, imprisdhment, pecuniary iiiifs,—aiM it may Sbek to 
determine the characteri|tic advantages and disadvantages of each, 
iif certain assumed conditions. Tt may inquire into the operation 
of different systems of taxation—of |,aws respectlhg trade ^d 
industry—of modes of regulating the currency—of laws regulating 
the distribution of property •with or without will—and other 
eaonomic^ relations. 'It may lay down the conditions which 
render it expedient to novem a territory as a dependency; or 
whkh-tnnd to promote toe prosperity of a new colony. It may 
define tm ^rcurastances which ensure the permajience of national 
cqjifederacics, and it may inquire what are the rules of interna¬ 
tional law which would tehd to prolaote the uninterrupted main¬ 
tenance of peace. 

* It seeks to lay down general theoremst'especting the operation 
and,cousequencft of political institutions, and measures Ctiem'by 
tlieir util^y or*their capacity for promoting the welfare of the 
national community to which they ore *applicable. Propositions 
hi this sort may lead (though not by so dvcct a road as is often 
suppbsed) to preceptive maxims; but they are themselves merely 
general expressions of fact, and they neither prescribe any course 
of conduct, noi^o they predict any specific occurrence; though, 
from the generality of their* form, they may relate as much to* the 
future as to the past.* 

* liliA^rheoretical Science of Society is sometimes expressed 
as the ‘ Philosophy of Hisfbry,* dt the accounting upon general 
principles of cause and fffect fof the actual c^pnrse of political 
eVents, ^be growth of institntious, the progress and decay of 
natk>ns. Histofy, in* the ordinary signification, recounts these 
things in the detail; the PhiJbsophy of History generalizes the 
agencies at work, and endeavonrato present the whole as fol¬ 
lowing out certain great leading, ideas. A few writers have 
aimed af^establishing suclh)g6neraKti»6—Vico,^ Montesquieu, 
Milla>i*y Condorcet, Auguste Comte, „ 

Pi'^otical Politics consistB of maxinw of political practice. 
Here we hive to suppose an e«6,—the welfare of the com¬ 
munity, or any other mode of stating the political end. 

Tlys necessarily appedrs with more or less prominence in all 
political treatises., • Anstotle’s work is a seardti after the best 
government. Machiavel’s treatises are preceptive or practical. 
/^Jjocke does nqt formally enquire after the best constitution, 
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bnt ande]ftlie gujle of what is^ecessary to a state, he insiniiates 
certain political forms, and certain legislative prituyples. 

Sound method requires that a writSr should, iu the first 
instance,*separate the IXiepretical from the Practical. 

3i* The^entiri Hepartnent of Toliticdl Science at the pfe-* 
sent^ay comprises several scjpnces.* 

I * It has been found practical^e and aonvenient to withdraw 
frdtn the wj^e region ofdinman society, certain subjects tfiat^ 
can with advantage be cflltivated apart, dnd thus to reduce the 
'complication of political enquiries. * 

(1) The first of these is Jurisprudence, ^his^s^a distinct 
branch bearing on the/orm of Law, as apart fro& its substance. 
It teaches how laws should be expressed, with a riejn^ 4heir, 
satisfactory interpretation by the Courts ; it embrace^vidence, 
and the principles and procedure foy the just administration 
of the laws. It does not consider the choice and gradation of, 
punishments, but explains*how they should be legally defined, 
S(5 as*tb be applied in the manner intended by the legislaj:or. 

(2) International law is Jihe body ofarules agree^ upon 
independent nations for regulating their dealings with each 
other, both in peace ^nd ift war. It includes, for exqmpfe, 
questions as to the Extradition of Criminals, and the right of 
Blockade at Sea. 

X3) Pglitical Economy, or the sg»ence of tlfJproduction and, 
distribution of Wealth, relieves the political philosopher of a 
considerable part of his load. The legislation regardki^IVo- 
perty in hand, Trade, Manufactures, Currency, Taxation, 4?c.* 
is guided by the enquiries o^ Politiqal Ecomony. Within its 
own sphere, thfk smence has the same logical character as the 
mother science.^ Il has its definitions,.its principles or laws, 
partly inductive and dedpctivgj^and its methods, which are 
the ordinary logical methods. * 

(4)* Statistics is a branch of the Science of Society, admit¬ 
ting of being cultivated ^p^atelj^. It furnishes tl^e facts«nd 
data of political reasoning in the most complete and authentic 
form. * ' ■ 

4. The subjects remaitfing to Political Science,*are (1) 
the form of Government, and (2). Legislation on all topics 
not otherwise embraced.’ ' ' .i ' 

^he difi&rent Forn^ of Govetnment, ’ their precise defini¬ 
tion, and i^heir. several tendencies, constitute the fbrpmosi 
nmblAfn nf i.hn RniATinn. THa diRAnnlsiiAn nf MmiArrbv. ' 
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Aristocracy, Democracy, .entei^s into every treaffise called • 

political. , * . . * . . 

In imijiediate conrfexioti with this ^nbjpct, if not a part of 
it, is. the distrymfcion of the fano^j<ins of government, into 
legislative, ^dmini^rative *nd‘Jad^sial; delegation of 
t^e,‘powers of governnent to subordinate'^uthorfties, as in 
provincial, local, o*rpiunicip&t government. , 

•fhese subjects are socaetime^ considered as exhausting the- 
.spliiero of Politic-i; but in a very narrow, althoTjgh distfnot 
signifidhtion of that bphere. Thus, ^Mr Mill remarks,—‘ To 
awompt to investigate what kind of government is suited to 
evpry knowh BtQ>te of society, would be to' compose a treatise 
on politick 8 ci 6 nc 0 ai large* « 

Iti isKjst, however, be matter of enquiry how a government, 
when coflfstituted, is to discharge its functions. ‘ This supposes 
that the functions aro classified a-nd defined; an operation 
involving one very important enquiry in Politics, namely, the 
proper Province of Government. r < 

Ther§ are certain tldngs that Government must undertake, 
IP order to fulfil its primary emjs; such are Defence, and 
the Preservation of Lifij and Property. '* 

“ There are other things that govormfient may or may not 
undertake—as the Support of Religion, Education, Postal com¬ 
munication, the maintenance of Roads, main Drainage, and 
^ other works of‘g'feneral utifity. ^ , 

.5,. The curtailment of Individual Liberty is a necessary 
j^ffhotof government; and the degree of this curtailment 
l» ft vital consideration in I^olitifcal theory. “ 

*■ ' . • . 

Jn order that men may act together ii^ society, each must 
in ^art Subordinate their own actions and, wishes to ijjie 
general scheme. Obviously,, however, individual liberty, 
which is in itself a chief element of well-being, sho\jld be 
restricted in the least possible degree; and the burden of 
proef must^lways lie upon the pi*bpG<ser of restraint. 

'Die Slnicture of Political ^Society. 

6. The ])reliminary braqch of the Social Science, con¬ 
tains fhe Definition of Political Society,’ and of all the 
Relati(yiships and Institutions implied therein. 

This is the part of the subject entitled.by Sir G. 0. Lejvis 
Positiye.or Descriptive Politics. It teases what i&qjssentially 
‘involved in the idfea of political government. It explains the 
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necessai'y^instraofeiits of gof^rnm^nt; as a law, rights aud 
obligations, Bancfioos, execntire oommands, and ihe like. It 
neither enquires into the operation and tdhdeiicy of institutions 
(which ia Theoreti^l i^^tics), nor urges tl^e preferenpq of 
one to others* (Fractical|Politics)., It ezpl^ains the meaning^f 
monarchy * arist^Qiacj, democi aoj, bnladoes not tea^h which 
is th^ best form. * It shows wha4 ts the natifre of pnnishmenV, 
bat does not say which punishments %re ^e most effioaoiSus. 
It esponnds^the relatioiai of fbaster and free servant, and^of 
master and slave, 'but docs not trace Mieir bearings *on the 
Velfare of the parties concerned^ It explains the nature of *a 
dependency, without arguing the question—^Shcftild colonies 
have a separate government. It shows whatf are* the acts 
constituting an exchange, and the difference betweei^%rter 
and a money equivalent, but does not dwell uponjilro^van- 
tages of exchange in facilitating tradp. (Methods of lieasoiiiiig 
in Politics, vol. L, p. 64j. 

The fandamental nQtion| of Political Society-Sovereignty, 
Law, •Gomrnand, Duty, Sanction, Obligation-ir-are treated of 
I5y John Austin as a part pf the speciel scionee of Jurifii|prtll^ 
deisce. That these notibns are at the basis of Jurisprudence 
is beyond doubt. S4ill, iir a complotely formed Political 
Science, they would be given once for all at the outset, dnder 
the head of the Structure of Political Society, and would need 
only to bo referred to by the Jurist!* • • 

7. The very fact of Political Society involves a series of 
primary notions, forming a mutually implicated, of wre-, 
lative group. * • 

Oovernnient.—*Th\B is the essential fact of political society ; 
to define it, or any o^ of its numerous Byqonyi^—Sovereignty, 
Ajfthority, Ruler, Political Superior—is to define political 
society. The definition mast be gathJi’ed from the Particulars 
common to Political Sooietfes. It is given by Sir G. C. Lewis, 
as follows Whenja body ^f persons, yielding o^edienca to 
no superior, issue theil* commands to certain other persons ip 
do or to forbear dotng^rtain acts, and tbneaten to punish tl^* 
disobe^nce of their commqpds by. the infliction qf pain, they 
are said*,to establi«h political or dbil governme^it** ^ 

Closely examined, this definition cpntains the very terms to. 
be defined—fo^example* snperior and command—so that it is 
not ja definition suited inform fhe ignorant. It is rather of 
the natnre ,of the first definitions of geoihe^w (Line,>4pglo, 
&c.) wliicit, do not communicate notions, butf elqploy terms to 
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fix with more precieion the boaudaries cf notions already 
gained from experience. ''We should require, in the first 
place, to know political societies, in concrete instances; and 
the definition wquld teach us the corresponding abstraction or 
gefietahty. " f "r • ' 

**Au8tin-(Province bf Jurisprudence’Examined) endeavours 
to build up the definition frojn its simplest as£guable elements. 
Stairting with Command, he defines this as * the expression pr 
intimation of a wish, fo be foHowed with some evil, if not 

* complied with.’ This involves only sj^ch facts of hbman nature 
as wish, expression, non-compliance, infliction of evil. In thp 
notion of Command, as thus'^defined we have nearly all that 
is* signified by Oovernment, Sovereign, Superior, Authority. 
We have only to specify the persons intimating the wish (to 
soml*bfii;^r persons) and following up the non-compliance with 
the inflictifin of pain. 

The supposed command is a LwuP. The evil to be inflicted 

• is a 8 anctio7if Fenaltyj or Punishment. The persons addressed 
are Subjects^ Inferiors; they are placed under Obedience^, Duty^ 
Obligation. TJ^e aggregate of persons comprised within the 
bcope of the same commands, is a P^litieal Society ^ a Community f 
a People. They are in the Social state^ as opposed to the state 
of nature. 

Moral Right and Wrong must be referred to the same com¬ 
plex fact. ^ 

8. Government is usually said to have three distinct 
functj,Qns—Legislative, Executive, and Judicial; each one 
"giyih'g birth to a numerous class of notions. 

Legislature. —The power of making general commands uni¬ 
versally ^applicable, under given circuiiiistances, is called 
LegiXlaUon; it is the most extensive and characteristio func¬ 
tion'of government. The procesi is very different under 
different forms of government. In every shape, theTe are 
implied as subsidiary notions— stoJu^Oj and its synonyms, pub¬ 
lication or'proclamation, enactment ihid''repeal, ^c. 

, ' jBxecutivef Admin^straimi. —Implies pg^foi'niance of the speci¬ 
fic act^ occurring from day to day, in the exigencies of society 
—organizing and directing the military force, negotiating with 
foreign governments, appointing the officials of government, 
erecting public works, &o. In this function, the government 
is said to use mini^ter§f to isspe orders^ to receive and issue 
despaiefyeSf rtports^ to superintend all fuilctionaries. 

Judicial. —A .dfstiuut function of government, q^ually en« 
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trusted a separate class af persona It supposes .impedi¬ 
ments to the oompiands and opeiulionB of goyeunment, either 
in the way of misunderstanding, or oS disobediehoe. These 
are removed by Jbdifiial^ Institutions, called Courts of^ Law, 
presided over by, Judgm, sajd to^ admi^ter Justice, tfccbr^ng 
to A defiitite ffogedure^ and rules of Evidence. * The rammed* 
arrangements bilongmg to thes(p4eeveral heads are detailed dhd 
defined by the Special science of Jurisprudence. 

* wWith al^ varieties oj government there must exist tliese 
three functions; in ru^e governmentS)>they are exescised by 
jthe same persons ; in civilized governments, they are mere 
or less divided between difierezit persons. • 

9. Under ‘ Forjji of Government/ there l6 a ^number of 
structural modes, tor which there are specific de^^g«a^ions^ 

The Form •of Government brings out the designations 
Monarchy, Aristocracy, Dbmocrac 3 i% Republic, Mixed Govern¬ 
ment, Balance of Power, Constitution. 

T^^e logical division of Forms of Government is into the 
government of one person {Absolute Monarch^) and the govern¬ 
ment of more than oqe {HepubUe or Gommonweab^h). lf,«n^ 
tife second alternative, the governing body is small, ^he 
government is an Aristocrat; if the power is lodged ,in the' 
majority of adult citizens, the government is a Democracy. 
Such names as Limited Monarcl\y, Constitutional Monarchy, 
mean either Aristocracy or Derabcracy; they indicate the 
form of monarchy, but the reality of another power. . A 
Mixed Oovermnent is a mere semblance; some one oi^tj^ Con-* 
8tituents*is in point of fact*i^e sAvereign. , 

Aristocracy, where it prevails, ^akes a division of the, 
people into N<wili^ and Oommonality, O^n the governing 
body is a hereditary nobility. • • * 

• Eepres&tiiative Government, the growth of modern Democracy, 
is a leading notion of Pol^ical Science. The meaning is that^ 
the whole people, or a, large portion, exercise the ultimate' 
controlling power, throngB the <^putios periodically electSd by 
themselves. In Jbe ancient republics, the corporate or eol- 
legiate action lay with an assembly of alPthe citizens, or o^ as 
many'll could be got together., • 

The*operations of corporate government give birth to the 
political elements expressed by •assembly, deliberation and 
debate, deyisitm by a majority, chairmanf election, rnffra^e* 

*10. The Functiofis or Business of government introduce 
many structural elements. \ 
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The first function of a ppliticai society defSice^ there 

is a large iijstitution corresponding, called the War Organiza¬ 
tion—Aripy and Navy. ^ 

T}\e ^rotectiop of the raemhera the society from one 
another is either by ,an application d' the War force, that 
^is the soldiery, or by a w3paTate force tailed Ilolioe. 

These two leadifi^ institutions involve mdhy others. *' An 
official machinery, or hyreaucra^j is interposed between the, 
so^reign power and the actual mstrumeuts. Fon paying the 
cost, th^re must be‘a levy of Tajocs, with a bureaucracy 
ooVresponding. , 

. If the government undertakes public works—roads, bridges, 
public buifiiingVj, means of oommunicationp-it becomes a sort of 
indnjiijiii^ management bn the large scale. 

* The cofa^g of money is a proper function ofi government. 

The regulation of bargains and coyiracts of every description, 
as well as the enforcing of them, is a matter for the state. The 
marriage contract, in particular, the,^relations and rights of the 
different members of the family, are under state control. ** *• 

'A 'Church Establishment, whetfjer incorporated with the 
civil government, as is most usual, or Existing apart, is a vn-st 
sdcial machinery with elements and terms corresponding, all 
admitting of definition. 

11. In a socjety spread, over a wide territory, there must 
.be a division liito locar governments, duly subordinated 
tQ.the chief or Central Authority. 

‘ Tb^!^ originates the terms Gentral, Centralization, aad Local, 
Provincial, or Municipal gpvernmbnt and institutions. A small 
locality may represent in miniatui'e nearly all ihe features of 
the<3ntiro'sooiety.' The delegation of power, to the locally 
may be small or may Jbe grpat. , Moreover, the Form cf 
Government of the entire cociety repeats itself in the localities. 

' If the sovereign is an absolute monarch, the local authority is 
absclute in^tbe local sphere; «'5uclfi3*<^he oriental satrap, and 
tlip viceroy of the absolute European monarch. 

V '• 

12. The Province of Government mi^rks the line between 

Publvi and private management" , 

The^habitnal industry or every day avocations of the mass 
of the oeople must be left to themselVeB. Tljeir manner of 
snb^isflence, their recreations^and amusements, are' also their 
pwn choice ; altho^h governments haVb often interposed to 
•regulate all such matters. 



32^ 


Jl^pER AND Pl^OGKESS. 

13. Tte mutdal bearings of Public and Private Institu¬ 
tions are so num&rous, that a statement of the Political 

structure is incomplete without the rrivate Institutions. 

* ^ • *• • • 

The Industry nf the people is,an impprtant element of jihe 

state politically^ So are their Becrsiitions, Takes^ Opinions,* 
Lit^atnre, and^cienpe. Howerer much the goyernment Ab¬ 
stains from control in these matters, operations in its proper 
sphere are jcfluenced by evefy one of them. An agricultural < 
community gives ‘a peculiar character to the entire apotion o^ 
its government. A community largely occupied in foreign 
trade involves the ‘government in relations with ibreign conn-. 
tries. , " • • * 

14. The good or ill working of the Politic§(^1iystenb 

leads to a vailety of situations, requiring the consideration 
of the political reasoner.* • * 

When the government/ails to accomplish its main fnhotions 
•^d^ence, protection, justice, &c.- it receives*the designations, 

‘ bad government/ ‘ mis-gpvernment.’* Its badness maj^ cftg- 
siit in partiality to fhdividuals, which is injust^fce; in not’ 
adhering to its own published regulations; in the capricicfUs 
introduction of changes ; in preying upon the commarflty by 
exactions, or by affronts. 

• When the government is excesflve in its f^Straints on indi¬ 
vidual movements, it is calfed despotical^ tyrannical^ oppressive ; 
and the re-action or revolt is Political Liberty. /VheB’-it 
meddles ivith what might be left to private managemeifi, it ' 
said to over-yovem; the euphhistic p];ira,se is a paternal gov&vn^ 
ment. • 

The emphi\tic OTpression Social Or^er ifieans, in the first 
place, that the government, \^ether good or bad, is obeyed ; 
the opposite state is Anarchy^ aeooUT 

Order is also contrasted with Progress^ Improvement^ or* 
Givilvsation. • Those Jjhingn that mein tain the existing strueture 
in its integrity are said to minister to Order; while the agen¬ 
cies that raise thd suciety to a higher pi4;ch of improvement, 
are said to minister to Progress. • In point of faqt, thu opposi¬ 
tion bdCtween the 'two is very slight; what is good for one is, 
with very trifling allowg,nce§, googi for the other (MiFl’s Re^ 
presentative government, chap. 11). 
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THKORKTIOAL POLITICS. • 

16. The Laws, Principles, or Prpposifcions, of political 
socjety, togethe/ witli the Methocla*oi Invei^tigation, cousti- 
'cute Theotetical Politi^'A 

^ ^ c * • t 

Tlpe foregoing heed, inclndftig the Analysis of the Social 
Strfictare, the meaning'of State of Society, the Notions o’f 
Politics—is preparatory to the ennndiation of the Laws‘’of 
Sopiety,'so far as known. These LaWh are best discussed in 
the theoretical form; thej^ muy afterwards be changed into 
the. practical or preceptive form, that is, into maxims of the 
Political Art. 

^ i6r%j Laws of Society may be eitherLaws of Co¬ 
existence, or Laws of Succession,^pf the different parts of 
the Social Structure. In both cases, they are laws of 
Cause and Eff’ect. , * 

Thg complex Structure of Political Society involves many 
rc(ationsh\n8 of® Co-cxi?>tonce and ct^ nen-coexistence. Some 
arrangements always cUrry with them some other arran^- 
mentsj some things are repugnarit to other things. The re¬ 
mark was made by Volney that the * plains are the seat of 
indolence and slavery, the mountains of energy and liberty.* 
J3ut whatever co»6xisterice^and repugnances can be predicated 
' generally are dependent on causation. 

r ^ ’Aga^f we may take any one part of the social structure as 
a qp.use, and lay down the daws of its effects; as *when we 
, describe the consequences arising in a giv^n state of society, 
from an absolute pionarchy or from a state^ohiirch. 

We^ma^ even take i>p an entire state of society, with all ijs 
mutual actions, and enijeavoug* to ttrace its future destiny. 
^This is the large problem of the Phjlosopliy of History. 

* But for devices of simplification, such problems would be 
whoily unwJrkablo ; the coiaplidhti^ of elements could not 
be* embraced by the human mind. We should need to ffisten 
■rfppn some single agfency, either comprefcfencling, or outweigh¬ 
ing the Athene, whose solitary operation will give the key to 
the entire problem. The state of opinion arid enlighteiiuient 
of a community is an examples of those over-mastering oir- 
cumstat ces. 

, . Human Character as a Political Eluent. 

L7. As the stiltiect-inalter of Political Science is humao 
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beings, the cl>^racteristics* of humanity must enter as a 
primary element*. 

If all.huinau btfingS^were alike, either Mrholly or in those 
points concerned in /olit\pal action, the constrncflon of a 
political ^ooie<5^ wheteer easy or nqj, would bb but one pro^ 
Uevi. But there are wide di^nences as regards pecaliafifies 
of character eSseutiaf to the working of *the political sclfCme. 
Hhe dijQfer^nces betwe^i ai^ American Indian, a Hindoe, a« 
Chinaman, a Russian, Englishman, a«i Irishman, an Italian, 
otaken on the average, are such as to affect seriously the struc¬ 
ture and the workings of political institutions. GWen a certain 
Form of Government, or a certain constitution \if Laffded* 
Property, the tencfencies would alter greatly und^pj^, these 
various types yf character. ^ 1 ^ * 

The theory of Society consists in stating how human b^ngs 
will act under a given social arrangement; it is, therefore, 
essentially a special application of the laws of mind and chai^- 
actor.* Hence a thorougfi knowledge of whji^ever Psychology 
can teach would be a prej^aration for ^his study. * • • 

,Yet, all parts of human nature are jiot equally cincerned'^n« 
political action ; th% ethic§l qualities of Honesty, ‘ Industiy,, 
Steadiness of Purpose, are more vital than the Artistic sensi¬ 
bilities. 

. Moreover, Politics is concerned«gnly with^]pe characteristics 
that apjflear in collective Ixidies. * The politician leaves out of 
account all those individualities that are merged when mei^-act 
together.in a body; that is, tjjie qualities occuring^^ierely* 
in Scattered individuals and^in minorities. Whence, national 
character is » nfuch simpler phmiomenon than individual* 
character; as thetflow of a river in mass i^a simpipr physical 
^oblem than* fhe molecular adjustments ol the liquid state. 

18. A Political Ethology woulcT be a modified science of 
character, consisting (D of a selection of the qualities thaf 
appear in flatioiial*,clWiiflcter,*dnd (2) of the kws of •their 
operation, 

(1) Following the divisions aiid subdivisions of •haracter, 
as foriberly sketched (p. 28d), Wte should have to bring out into 
prominence all that arj^e in human beings when working 
collectively. ^ 

Thus, th commenc| with AerfoN, iu t^e form of SponlaheouB 
Ejiiergyj , Prior to ^an account of the -^larious motivj^s that 
induce men to activity, there is a notablgjtpeculiaritj *of cbl^ 
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racier in the degree of the *eaergetic disposit-ion. itself. Now 
this shows itself, as high or as low, in whold nations, and is of 
importance as respect both the Form ofi Government and 
man,v other poUtv?al arrangements, fflte inhabitaijts of tempe- 
ratp clim*ates are superior in natur&l energy, irfespecfave of all 
‘Ynodes of stimulation. t<l*the dwellers ‘either’^jn the tropics or 
in* the arctic circle|. The* •English 'and Anglo-Americfin 
peoples are probably at tiae top o,f the scale. ^ 

Now this attribute has numerous social bearings.**. It favours 
private 'industry and ‘the accumulatidn of wealth, an effect . 
leSiding to many other effects, tit is both directly and indirectly 
hostile to mdnar(jhical or despotical rule, and is, therefore, the 
parent ancTtbe'guardian of liberty. * 

In JjJsa manner, we might survey in detail the Feelings, 
feensibiliufes, or Emotions of the mind, and m&rk those that 
havsb social significance, nfid those* that appear in men col¬ 
lectively. Thus, the Tender Sentiments, or the Sociability of 
the Mind, when strong^ draw human lieings together in soqiety, 
and favour the cohesion of states as well as of families. Again**, 
th^8t^en*gth and the made of the Sentiment of Power may be 
•a collective peculiarity,*^ with national consequences. TBe 
icofljnnction of tender feeling, as ^latriotJlsm within our own 
nation,* with the love of domination beyond, is a peculiarity 
often repeated. 

The IntblleciVal qualities that ^tand out in national pro- 
, miiience are too numerous to be touched upon. It was an 
inteyeotuj^lly minded people, the Greeks, that began all the 
*cmliz<ffcion flowing from science on philosophy. TRore is a 
certkin depth of ignorance and incapacity .that renders the 
higher modes of Political society impossible, A signal failure 
in either oft the intellectual virtues—pruden'be and sympathy, 
is incompatible with polit^al union, f *• 

(2) ^’he next part of Political Ethology is an account of the 
^tendencies of these various oharaoteristics, and of’ the means 
whereby thoj themselves are aioditi(3dV The gen6ral science 
of qhar»i»ier embraces this investigation on tlje wide scale, and 
the^l'esent department is a special applicarton of the principles. 

Propositions of Theoretical Politics. 

• 19. The Political Structure, Or Organism, being defined, 
the Laws of Theoret;ieal Politicly are the laws of Cause and 
Effect^ traceable in 6ie working of the Several Inst^itutions. 

What are the ceusequenoes of Absolute Monarchy, or of 



ttAUSE AKD EFFECT. 32{f 

# 

• 

Democracy; of* Castes; of Entaift; of Free Trade; of Poor 
Laws; of Iiidissolable Marnage ; of S^te Ghurcbes ? These 
are a few of the enquiries of Political Science; they &re strictly 
enquiries ofaCause andsEftect. Qiven any of^hese instiftiCions 
as causes^he eflbqts may be sought. Agafb, given*oertain efil^ts^ 
as t|je repressioi of agrarian cr^i^es, tne impartial admini6tt*a- 
tjon of justice, 4:he encouragement of trade,—we may seek for 
* c^ses. This is really the same proBlem in a dilferent form. 
To all inteifts and-purpqpes, the one enquiry is—Givet^a cansd*, 

, required the effect ? • 

It is not uncommon for poliAcal, philosophers •to entertain 
such problems, as What are the effects of Mbnarcby, Aristoc¬ 
racy, Democracy, iif general; what aro the effects o^Slavery 
in general, that is, under all circumstances, under evelj^^o^sibl^ 
variety of human character. Kow, with such sti^ngly-aqting 
dauses as Absolute Monai^hy, therfi may be assigned certain 
universal tendencies so decided as to be seldom wholly defeated: 
Thei;e^are points inchmmbn to the despotism of a single person 
in all countries and times. The possession 0*1*j)ower,*whether 
on the great scale or on the small, ©iterates with hernarkaWe 
uniformity. This i| a psychological tendency wiiose fnee 
course is best seen in politics; where, by the necessities of 
the case, individuals have to be entrusted with power in a 
large amount. The snrae considenation ren^lors the workings 
of slaveiy uniform to a high degrde. * • 

20. The Propositions of Political Science range Jbytween 
two^extremes; on the one^extreme are proposition * affir¬ 
ming universal tendency, and, oii the other, propositions 
affirming specific effects in limited cases., 

•(1) The propositions affirming a dniversal tendency are 
dkemplified above. Si mifar prtipositfcns may be found respect¬ 
ing every institution of hujuan society. In many institutions,, 
however, the’ tendenciesdifficult to find out, and a^ so 
liable to be 'defeated* by other Baases, that their ^nuaciation 
has scarcely any ijalij^. For example, the operation of guilAq, 
or privileged corporations, admits of no definite sji^tement 
with reference to all possible ciicumstanceB. The division of 
land into large or small properties, may have opposite* effects 
in different social states. * • • ^ ■ 

Nevertheless, the attempt should be ihude to generaHz^ the 
tendencies both of fhtf Forms*of Government, in their detailed 
varieties,* And of all*the leading Institutions growing hut 
legislative action. It is equally iudispens^te to estimajte the 
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precise worth of this class ctf propositions, to ho aware of their 
infirmities, ^nd of thp cautions needed in applying them. 
There are prevailing tendencies of every important Jnstitution 
—of the‘Succession of Land, of Di^ecl^ or Indirect Taxation, 

' of Iteligious Ehidowmfints, and the" rest. ThbiftifirBOjatione re¬ 
specting these are fin\j*^prob^ble ; they afibi;^ a certain pre¬ 
sumption of what will aotuafly happeft in ii^ividual oases. 
Thf special departmenttS—PolitL’cal Pjconomy and Jurispru- w 
dence—^share the bar4en of these difficult problemd. 

<(2) Propositions confined in their fange to limited circutp- 
stances, to narrow field of 6bserv.ition, may be so qualified' 

* as to stater the cCsdUsatioil with almost perfect exactness. Thus 
if we confine our views to communities in similar climates, of 
‘the race, of nearly the same advancement in general 

intelligence*'we can formulate ^ith comparative precision the 
tendencies of a given institution, whether the Form of Govern¬ 
ment,* or any of the other leading social elements. These 
Limited or Partial Theories are the really valuable parts of 
PoUtical* Science; they afford the guidance in the art or prac- 
, tfco of Politics. ^ ® 

• With a view to these propositions, there must be a division 
and subdivisions of communities into classes. An example of 
such a classification is given by Sir G. C. Lewis, as follows; — 
‘One large classification, of communities for the purpose of 
•a common predication is—^l, those' communities whi/3h are in 
a.wild and unsettled state, such as the African and Indian 
Favag,«j,*the Bedouin Arabs, the Nomad Tartars; 2, those 
Oriental communities which lipe under a regnlai* political 
‘ government, but whose social state is nevertheless fixed and 
nnprcgre^ive, such as the Turks, the Persians, the Hindus, 
the Chinese, the Jhpandso; S, Christian conimunities partaking 
of the modern Europeanoiviliz&tiou»’ • 

b Setting aside the first class, as affording too limited a field 
for political data, Sir G. C. Lewis institutes a comparison and 
contrapj- between Oriental and*,Europ6an vummnnities, showing 
the numerous important peculiarities that jmay be affirmed of 
each of^the two classes as a whole. TifI following are some 
leading points of the contra'st. ‘ 

* Oriental. . European. •' * 

Governsnmit. „ 

Despotipal * Free 

By Delegation ^ ' Dirtjct from the centre 
IniemationaX Lawj^ ■ . 

Rnde^ Intricate, forming a bal» 

unce oi power 
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—Oivil and Religious eodea, 

Literwoven Dis^inot 

• Marriage. , 

Polygamy MonogaAy 

• , Women. ^ * 

Seol4ded ^ • At large 

• S^tus of the Laboured 

Slavery ^ • (5ivil Freedom 

• punishments. • 

Cruel Mild 

Dr^s. , 

Loose closely fitting • 

Alphabet • 

Tnt^’icate Simple 

Form of Literature. 

Poetry and raystftal prose * Argumentative prose. 

Numerous propositions of Cause and Kffect could be laid 
dpwi> respecting these peculiarities, connecjjing them with 
one another, and with the Climate and Physicj^l SituatioM, the 
Plwsical and Mental Conllbitution, ai]^ the Ilistoilical Autfi* 
cedents of the orient^J race^ 

Methods of Theoretical Politics. 

.21. As in all other sciences, t^ere must,be Observation 
of Facts.* • 

In Political Observation, jthere are special peofiUgritie^ 
amenable *to logical canon'll The education of a politipal 
observer is scarcely in any degree, aS in the physical sciences, 
an education of the senses; it consists mainly of intellectial 
halbits. 

22.^ The Facts of Politics coiiicifie with authentic’His- 
tory o*r Narrative. • 

The individual ochurrences tffat, when generah’zed^jmike 
up political principles, have to be correctlv recorded, with gill 
the cirpumstancGS essential to the link of causation. The 
sequence of events in a re^lutioif must be stated exactly as 
they ocdurred, and in sufficient fulqess to give the conditions 
of cause and effect. . * • • ^ • 

The rules of historical evidence are 9 ];)ranch of Induotive 
Logic, and as such’tRey are given elsewhere (Appendix,!). 
They have*in view principally *the number and the nature ofi 
the testimon^B needed to establish the trutff of a past event. 
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A farther exercise of discriiSiinatioa is requisite in the political 
historian^ namely, to ^include all the circumstances entering 
into the chain of causes, and to separate accompaniments 
that* hare only poetic interest. ^ * To do this, the his- 
rtortan must he himself a political philosopher; ,he must 
know that the dazz^ling ^littef of spears in thO^sun has nothing 
to do with the fightiag strength of an army, that the stature, 
complexion, voice, or drfe'ss of Charles I. had no bearing upon 
’his qnajrrel with his^ parliament. Ih short, as‘x’egards the 
relevance of facts and circumstances, fhe narrator must under¬ 
stand what ,it is to trace cailse and efifeob in history. ‘ In 
' order to frame a*coherent narrative, some theory of causation 
is necessary ’ (Lewis). 

23*ntii ,J?olitics was first} developed tl\e reducing of 
observations to the form palled Statistics ; definable as the 
observation, registration, and arrangement of such facts as 
can be given in numbers. • 

The cultivation of statistics was first owing to the impetus 
^ven to pblitical econdpiy by the h rench economists ; it being 
possible to state in numbers the n;^ost mfiterial facts regarding 
trade,* currency, taxation, production, population, &c. The 
subject now comprises matters relating to all branches of 
political obserm^ion ; Population, Births, Marriages, Deaths, 
•Occupations, Diseases, Crinies, Pai.perism, Education: 

. Statistics gives an entirely new precision both to Theoretical 
‘ or Spiohlative Politics, and to tie operations of government. 

The increase or diminution of pat.perism or of crime, in a large 
’ country, could be judged'^only in the vaguest manner without 
stAtfstica^ returno from the officials concerned. The govern¬ 
ment would be at the mercy of accidental displays, and*of 
circumstances where th^ impfessidiis are exaggerated. A 
t bread riot in a particular locality, an outrage of appalling 
accpmpanimonts, would distort tbq judgment of the nation, as 
to the gen^lral state of destitution or*t)f enme. 

♦ ‘ 24 The causes of erroneous observation in Politics, are 
partly tomipon to the sciences gpnerally, and partly special 
to thq political science. 

Indolence and inattention, rthe- Ipve of the marvellous, 
eesihe^io likings and dislikings, the support of a favourite 
theory, ai’e operative In politics as elsewhere. ' The more 
1 ,‘BpecUl Sources.of bias in the political department aiie admira¬ 
tion 6f individnfti •actors, party feeling, and, whpre*praGtioe is 
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concerned, diregf personal idteresi. As a matter of'course, 
these oorrnpting motives extend their influence t 6 the general* 
izing no less than ^ the observing of fifcts. • 

Politics deals with human beings, whose*«prings pf action 
are in the ininj^ f while observation relates oujj to outywird, 
appearances, fr^ whibh the mental* states are obtained 
infefence. Thg right^performJhbe of thig process of infe^nce 
is an operation based on Psychology,«and guided by the rj^les 
ot*Indactive Logic. Tliat Charles I. was executed is a fact 4 ' 
the'motives of Cromw(Jll and the Purit!ans in executing him 
are a matter of di^cult inference ; requiring us to apply laws 
of human nature (veracity, bias, &c*.),*to what tlie pctors said 
and did in connexio*! with the fact. ^ The seoreoy of motives 
is the characteristic of many ethical maxims. "■ “ 

Ejuperi^nt in Politics. 

25. Experiment, in the strict scientific meaning, is usu-* 
ally regarded as inadmissible'in Politics. Tlie substitutes 
are (l) the sudden introduction of extraordinary infiiianoes, 
and (2) the practical opetations of ^ivernment, • • 

It is not possible ato submit a society to the process em¬ 
ployed in studying a metal, or in detecting the laws of Heat 
or Magnetism. A political community cannot be manipulated 
with a view to excluding artificiaPfr this oi»ilhat agency, iso¬ 
lating it from all but knuwti circumstauces. 

( 1 ) Some of the advantages of experiment are deriv«-ble 
through the introduction of new and extraordinary iulEluenc& 
into the society—such as a faming a commercial crisis,* au 
insurrection, aft epidemic, au invasion, a new invention, as J)he 
steam engine,.^r^igious revolution. The l^ish potato famine 
of 1846, is adduced by Leyvris ag a ca^ in point. The influence 
of this terrible calamity laid bare the evils in the state of the 
Irish poor, and disclusecf the secret springs in the social* 
economy of the people, ^^bctmally as could bav^ been done 
by an artificial experiment oontHved for that purposoT* 

(2) Itris the VOTy«iiature of govornme«t, especially an fin*- 
proving government, to bg trying experiments.. EfOry new 
law«is lln experiment. There being an object to be achieved 
by the law, the public is snpppsed tt> be interested in watching 
the eflects of^the measure. A Police js organized, ftpd^ the 
eif^cts upoti crime ob||erved. • A Pooi> La^ is introduced, and 
the coQseqpences traped. So every great innqvationds^ new^ 
agent in society, which is followed by definite effects. The 
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experiments are not always free from ambigmty; there may 
be conoiirrmg agencies cither defeating or exaggerating the 
results; hence a demand for the preeautions of the various 

Irudhtftive Methdds. 

» _ 

Carnation in Politics. 

' »i' 

2^. In Political •Causation, the ptedorainating fact , is 
Collocation; there is leldom,‘“yet occasionally, an appeal 
lo Coneervatiou. » , • 

A political sequence is always immersed itu a host of arrange¬ 
ments, positive or negative; and although impelling forces 
must always be present,, the result is dep((fndont in a pre-emi¬ 
nent t?%’ee upon the direction given to these forces. Thus, 
a political rising depends less upon the greatness of an impel¬ 
ling force, than upon the directicn given to forces alwajs 
•present. The demand for thirty shillings of ship money from 
John Hampden was the tqrning po-nt of the English Bevolu- 
tiqn., . ‘ 

e Yet in dealing with 'liuman natitre, whether as individuals 
oj* political masses, any^'ornission to allow for the principle of 
Conservation, in the form of Liihitatioii of Human Energy, 
will lead to mistakes. Thus, a politician that would expect 
an Art-loving ppople like the Italians, Germans, or French, to 
ctako on the enet^y of the'Englisl^, in business and in politics, 
without becoming less artistic, would be guilty of overlooking 
^th<' l^W’‘n>f Limitation. 

'27. In Political Causation, is especially necessaiy to 
kqep in view the entire aggregate of conditions, positive 
and negative, eifteiii^g into the cause. ? 

'* ‘ II 

When Luther preached againsto Indulgences, and whon 
Hampden refused to pay ship money, these were merely a,single 
condition out of a large assemblage concerned in bringing 
abouAthe ^ceat events thaC^ ensu*e&j .Hence, the historian 
^cbosiders it requisite to describe the whole pf the surroundings 
in the |]bate of socie’t.y at the time, but 'Ibr which the conse¬ 
quences wofild not have nrls^en. 

To'seek the cause of a political event in a single cir- 
'cumstguce is a perversion oi^ th^ political problem. The 
mast<enlightened r^asoners and historians are" accustomed to 
state the case as an enquiry intb the co^bs of a phenomenon. 

' The phrase ie no‘t'strictly correct; the entire aggregate of 
entacedents is properly the cause; but as bringing forward the 
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idea of of circumsttlnces,,conditions, or collocations, 

the mistake is 5n.£he right side. The cansatiottofthe French^ 
Revolntion wa? a vast aggregate of prifcr arrangements in the 
state of the Fi'eucfi natn^, together with lyinieioas cir(|am- 
stances in the world large. , 

TheiMethod of Agif^merU in Politics. 

• *28. The Method of Agreement enters into political 
iifvestigat.hin, but not without shortcomings. 

^ Like every other inductive enquirer, the political reasoaer 
iirst collects his /acts; then compares them with a view to ^ 
attaining laws of concomitance, whicli he farther Verifies* by * 
Agreement, as a method of Elimination.* 

This has alj^ays seemed the obvious coarse. \^1beu Aria* 
to tie enquires into the effects of Despotical or of J^cmoora^jical 
government, he collects Ixamples bf each, and looks out for 
the attendent peculiarities. By an inductive determidationj 
founded on Agreement, we are jicCustomed tp connect differ¬ 
ent forms of government with lower or with hicrher ktafires of 
civilization. • 

^he first peculiaritiy of tljp inductive problem of society, u.8 
affecting the sufficiency of the Method of Agreement,* is the 
mere number of concomitant circumstances in a state of 
society. The cause A, say Despo^sra, work? in conjunction 
with such a large variety»of other circumstances,—climate,* 
race, history, institutions in detail—B 0 D E P, <^c.,—that 
we can jjardly find in the'vhqle area of our experflBnce a* 
sufficiently diversified series bf instances to eliminate them all, 
and find A follfwed in every instance by a. ' 

Worse than the toere number of accompaii^ments is plurality 
of causes with 'ifitermixtwre of effects, Whatever results might 
really flow from Despotisib—wnethe^ discontent and insurreo* 
tion8,* or the repression of* men’s energies and the arrest of* 
prosperity and progress-fopiild l^ow from other social agencies; 
the effect Oy an actual effect of A, might also be an ^^feot ^of 
C, P, Hr This wocl^not prevent a from t>eiug always present 
with A; it would rather in somq instances make it* supera- 
bundanjly present; yet, as proving too much, it would be fatal 
to the evidence. An apparently more paralyzing instance*would 
be, when the ^ect a, properly belonging to A, is neutralised 
by some aocompanyin^ agentiD^ onq of the commonest ot all 
ocdhrrences in politics. Hardly any effect of .absolute monarchy, 
is better fipbstantiatefl than the discouragement) of iutellectoal* 



LOGIC Of I'OLITICS. 


• ' 

activity-generally; yet thig did’not follow* at ontfe on the 
imperial de^otism of the ^man Empire ; the prior impetus 
acquired under free institutions was for a long time unspent. 
So, a designed to produce a certain effect, may really be 
acting as intended; but thg effect ^ay bo frustrated by 
'evasions, dr by passive resistance to its enactments. Restric¬ 
tions on trade are 6,dverse to'CDmmercial prok|)ority; yet the 
effec'b may happen to*be pounteraoted by other ^circumstances. 

• yh6 United States of America, id* the nbundance of laud to be 
occupied, can prosper‘under many arrangements that would be 
ruinous to Great Britain. 

* • * 

'JfM other Eosperimental Methods. 

* r ^ 

o 29**T|je Method of Difference may be exemplified in 
Political Cause and Effect. 

The introduction or withdrawal or a single agent, followed at 
once by a definite chg.nge in other respects, is our most cogent, 
as well as our shprtest proof of causd’tion. In tho complice tiona 
of'Politibal Society, wo cannot always be sure that only the 
one innovating cirounjstance is present; so many unseen 
operations being always at work. ^ This,source of ambiguity is 
practically overcome when an agent suddenly introdut:ed, is 
almost imtanianeously followed by some other change ; as when 
the announcement of a diplomatic rupture between two nations 
•is followed the same day With a derangement of the money 
maj^ket. 

' • Ac«6r^ing as the supposed olr’inge is more gradual in its 
inlsroduction, and the consequents slower in their dov^»lop- 
ment, the instance is less^and less a decisive example of differ¬ 
ence. The deterioration of value is saved ‘ only when we are 
sure that every other fhing has remained the same. A now 
religion introduced into fl natidn, remarkably stationary in ifs 
r other institutions, would be held a!t>the cause of all the t^ubse- 
qufii^it changes. * e 

^*,30. Agreetnent in Absence maybe £^dvantageously re¬ 
sorted tp in Politi6s. 

ft * I 

We ^compare the cases of the presence cf Poor Laws, of 
.Commercial Restrictions, of a Stanijling Army, of Local Self- 
Gove^ifment,—with the oases of the Absence oJ[ these institu- 
tious ; and if any oircnmstances unifor|nly present in the one 
^aro uniformly absent in the other, the force of proof is greatly 
augmented. 
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30 . Cfncomitftnt Variations is employed in tracing* 
political causation. 

There is a marked concomitance, in tile History oC England, 
between 'the^rowtb of |F*ee Institntions, add the prpgcess of 
the •naticyi, botin'materially* and* iutelleetaally. , This mayibe 
compared with ^e inverse instance# of Greece and Bqiye, * 
wljere, by a gradual process, tBe extinction of liberty was 
►ultimately followed by inteUpctual and social decay. £ven 
all these inftances, in the complications of Politics, may not' 
,be final; yot they ajibrd*a very high presumption of cafuse and 
effect * • 

T/ie Deductive Method. 

31 . The Deductive Method, in 'conjunction the 

Inductive or Experimental Methods, must be Regarded as* 
flie mainstay of politicatiinvestigation. 

Neither the Deductive Method alone, nor the Inductive 
Methods alone, can he trusted i» the comjglications of the 
social science. Their mutual consilience or confirmation^ is 
rqguisite in order yield tnfstworthy cghclusions. • • 

Pure Deduction appears tp most advantage in following opt 
the tendencies of separate agents. This is the motwe for 
subdividing the Social Science into branches, as Political 
Economy, &c. The tendency of the single motive of the 
desire of wealth can be studied aphrt from otner tendencies. • 

An essential part of political, deduction consists in tracing ' 
the wide operation of the Se itimont of Power, in tUb^i^oup* 
degl*ee8 of its developmenC umong human beings, and uq4er 
all circumstanees.* The deduction^should comprise a wider* 
area than mere p<4itical situations. • . • 

/ The Sociabilfty of mankind, their Sy'mpathies, the grades of 
Intelligence, have conse(IaenChs traceable by a purely deduc¬ 
tive Speration. t , 

We mig^j; even ventus^^, certain way in the second deduc- * 
tive process—Calculation or computation of concHriiia agen¬ 
cies ; asTWealth, <Pgjver, Sociability, Sympathy, with Halpts, 
Customs, &c. Here, however, we become aware of ^he help- 
leganegB of the deductive dfethod by itself. Having no correct 
q^uantitative estimate of the separate agents, our attompc to 
combine thei^in a quantitative suifi, is entirely hopelegs. The 
errors of ealculation may be po wide as rg.dically to vitiate the 
conclusions. 

It is the third stop of Deduction—Verification—“Chat giveSe 
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the method all its weight, »by joming it with,Inductions, In 
point of* ffjiCt, politicians in applying the’conjoint methods 
usually h^ve an inductive or empirical gcnprality presented in 
the ffirst^ instaiwyf ; which induction ^l^^y compare ^vith the 
de'^uced tendencies of the agents Concerned.' ^Lhus fihe wprk- 
ing of despotism is firsf given as an *empirit^l generalization 
from history ; we i^hgu comp5,#te these alleged Results with the 
deductive consequences cof the Jove of power, and all othe‘r 
Jiuhian motives, both of the ruler and* the rijled, entering irftio 
the sitftation. Such* maxims as thfs following require, for 
th'eir verification, the consilience of induction and deduction.— 
* The posi 5 ; 0 ^or 8 , of suprfimo power, whether One, Few, or 
Many, have no need pf the arms of reason ; they can make 
^ill ^ev^il-* ‘ The governments most distinguished for 
sustained vigour and ability have generally been aristocracies.’ 
Th» deductive reasons in, favour ff this last position arb 
founded on the consequenpes of devoting a small number of 
men exclusively to public business. , f 

Thus, the usual course of the Deductive Method is to lay 
hpW *of a .number of empiricisms^ ^derived from history and 
political expei-ience, and'xo subject themlo the test of doducticn, 
thbreb^ converting them into derivative^axes. Considered as 
inductive generalities, everything should be done for them 
that can be done by strict compliance with the Inductive 
Methods; afterVhich thop*jire to gome into compari^sou with 
Ihe deductive results of the tendencies concerned. 

Among Empiricisms demanding to be confronted with 
deductive conclusions, we may instance thefollowing—‘modern 
civilization tends to colleative mediocrity,’ (J. S. Mill); ‘ unity 
in religion is unfavourable to civil intoreste ’ (G. C. Lewis) ; 
‘there is ko neceesary connexion between hereditary royalty 
and hereditary nobility * (i6) * the human race is on thu 

whole* progressive ’; ‘ there is a constant relation between the 
%tate of society and the state of intellectual speculation ’— 
(Ooiote), t . ' ’ • 

Pe(f55tive confirmation is especially needed in assigning the 
cailses of some one historical event. Uis'Iess there happen to 
be other^vei^its closely analogous, our inductive basis is of the 
slenderest kind ; succession may be taken for* causation With¬ 
out any oheck. Thus, theracconnt of the rise of free inatitu* 
tion§, modern Europe, mqst be far more deductive than 
inductive. • • • t , 

^ Thejintroduction of Ohriafianity into Eqrope eo-existed with 
so many other cnanges, that its oonseqnences oannot* easilv be 
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eliminated. Our only means of*varying tho instances is to, 
take the separate* nations apart; but i|i none of tkeni was thi# 
one cause introdaced- singly. Hence any jinferenee as to the 
political aryJ other rwufts of Christianity Would w«.nt Injich 
deductive co^ffrrnatitfn; and \ve find? that this, methdii is 
largely appeal^! to. ^^he tcnd§ncief of the Christian religion 
are laid out diductivtily, andtne attempt is made to show^their- 
coincidence with the facts. ^ To be J^roperly checked, a sittiilar 
tteductionfshouldbe mdlle of all other tepdencies—as Qreok aif^ 
Roman influencesyand^he mental endowments of the European 
races ; which subtracted from*the total would give a case of; 
the Method of Residues. 

In the foregoing^brief allusion to* the Deductive Method is 
included a reference both to Empirical and to Derivativ^Law*. 
The subject Rf Politics furnilfehcs pertinent exafnples of the 
*1 imitation of Empirical LWws, and fn a less degree of Derivative 
Laws, to adjacent cases. There is safety in extending an em- 
j)irical law only to'ihe •samd tesritory, the same time, and 
similar circumstances. When a ten pound*suflVago had gub- 
sisted in Britain for .thirty years, wfth gootl elfcftts, it was ay, 
dtnall matter to risk the extension to a seven pound or a.pix^ 
pound franchise, on fhe mere faith of the empirical coincidence; 
whereas, the sudden transition to universal sufirago, could not 
be relied on from the same empii;jcism. Thg consequences of 
i?iich a *tcp, if computable at allf hould be*fiomputed only by 
the aid of deductive reasoning—by the establishment of a d 9 ri- 
vative law. A well-informed, sag'acious, and unbiassed ii^^nqpf 
might b§ trusted to predict, within certain limits of error,, the 
probable issue of anch an extensioif of the franchise ; but only 
by a superior liandling of the deductive miithod. .• 

• The Method*of Residues being propCrly a*Doductive Method, 
•is occasionally valuable* Ik takes* the problem on a,varied 
aspact; as in the case of Christianity already referred to. , 

In applying the methpas of Agreement and of Difference, to* 
single out arcause, clpr prior kn^ledge of the genirai^a^de^uacy 
of the cause, prepares us to receive the inductive evide/ice, 
without the inisgifTngs that we must *1661 when .we know 
nothing on this head. 

Hypbthe^ in*Politics. 

^ * • w m 

,32. In Politics, are'seldom* under the necessity of 

assuming an unknown agency; the known* forces‘of»human 
nature arCfthe sufficing causes. Our assumptions refer- to 
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the presence, and the amount, df the snppd^d agent; and, 
tliese may ,b’e proved by their exactly tallying with the 
facts. * 

Assiim^tions are perpetually made Vegar^ing the conduct 
»of Ruman’beihgs undei^all circumstances. ,l^ho passion's of 
PoVer, Pride, Pear* the Self-k^erest of ipen, tteir Sympathies, 
are ^11 real or genuinh causes. There may be doubts which cf 
,thefn produced a certain fine of cotiducfe; and we mjjy apply the 
fogical oonditions of hypotheses to solvp the doubt, if any one’s 
actions tally precisely with the consequenccVi of Love of Power, 
we receive this coincidepce as so fiir a proof of the hypothesis. 
•But the pil’boHs completed only by showing that the action 
does ^t tally with ady <3ther motive; a thing that we cannot 
Always be certain of. Tho execution of Charlesj^ I. might have 
rosnited from tho fears of the i^nritans, from their revenge 
from their ideas of justice, from t^eir interpretation of the 
desigria of providence. A proo/ from hypothesis would have 
to show that the pet coincided fully with tho tendencies af onlj 
o«^o? air the supposablg motives. 

• Sufiplification of the Pglitical Problem. 

t 

33. There are various modes of reducing the complica¬ 
tions of Politi(js. Several of these have already been 
glanced at. ‘ 

studying Instituticfns separately, duo regard being 
had to their mutual action. 'This is that primary Analysis of 
.Society which is the groundwork of scientific method through¬ 
out, , There may bo difliculty in making thp isdlation, and yet 
allowing Ibr mufeal inlluence; but any other method ,is 
hopeless. , , 

(2) In modern political theory, much stress is laid .upon 
•\he distinction between Order anil Progress; and we are 
recofti mCn dipi to study sepaiately the influences tending to 
Order or Stability, and the ihflueucos tending to Progress or 
Ihiprovement. The^advantage of this stparation is chiefly to 
divide tlfe fif»ld of study, f6r the ipase of the understanding. 
It has Jjcen shown by Mr. J."S. Mill (Representative GovOnn- 
raent, Chap. II.) that the two iuterosts cannot be absolutely 
sepafa^e'd; there can .neither,be Progress witk-out Stability, 
nor Stability without Progress ; yet the problem of Society is 
greatly simplifiqfi by first studying each by itself^ q^nd then 
P 9 ,yiiig attention to their reciprocal action 
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, Mr. liTill has,ft*aced, by tife combined Inductive and Deduc¬ 
tive Methods, tin? conditions of Stability in any ^society, ani 
has referred them ^o the following headft:—(1) An education ot 
the citizens calcnlate^.to impart a ducj^ine ; 

(2)feeling ^•allegiance'or loyalty to something; (3j^'an 
element of cohej^ton ambng the membtrs of the same state. ^ 1^ 
is apparent tj^at alU these cfttTses, while arising from the 
inductive comparison of societies, nip,y also be fairly deduced 
ffora geuqial principleswf the human mind ; the consilienSe gS 
the two results being Asential to the ptoof. • 

' (3) In the Variation of political circumstances, the propftsi- 

tions of society would be numercTus. beyon^ calcu lation, but, 
for the eminently scientific device of, embodying a limited 
number in their exact circumstances and conditions, |p th^t 
they may be varied at pleasure. It may be a question whether 
%;ei’tain public works should be, overtaken by the central 
gov'crnment or by the local government; as bridges, roads, 
prisons, &c. Now iho decision of this question in any one 
base,*if accompanied with all the circumstantials that govern 
the decision, is the decision for innuiiierable nthou easel, fl^en 
aiithough differing considerably from one anothel. Thus, i^ 
the central governifient undertakes the work, avowedly ftnd* 
solely because the locality cannot bear the expense, this'decides 
also the opposite case, where the locality can bear the expense. 

• It is j}hus that legal judgmen^t, if accompanied with a full 
statement of reasons, may apply to a wide range of dififeringi 
cases. And so also with all reasoned conclusions in politics. 
Tl^p very same proposition that»declarea the consequeirces of a 
despotism in given circumstances, implies the variation of the 
conseqnence8*in ^degree, as the despotism varies in decree; 
ftnd the revci;pal» of the consequence^ by Uhe substitution of 
• freedom. All such ad%ptatipns aqd principles are to bo held 
as of the nature of deductions, for which inductive verification 
is desirable according to%he extent of departure from the caEfei. 
embodied.* 

(4) Attention has already been called to the cifcumst^nce 
that Politics deals «with men collectivel}^ and not individimUy, 
In the view of the politipian, a^million of human beings is a 
le^s oomplicated thing than a single individual. The large' 
scale of the operation reduces its Complications. The maxims 
for governing a nation (in a ,certain .rude way) arb^simpler 
tjian the*maxims for managing single persons, if we have to 
consider.all the nvnute peculiarities of.eaijh. The Foreign 
Minister, ^ho has to transact business, with one individual, 
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may have h*is ingenuity jind patience fiiore severely tayed than 
the Homo Minister, who cfeals with the mass of a nation. 
k?-he limits of«tho proposition are contained in‘the reasons of it 
(as just remarked)^ if the mass of the comiaunity breaks up 
into, individualities, by social discord^, there is an fjnd to the 
Clf-cility arising from coMectiverfess of action. ' u. 

(&)• Not the least, imphrtanj; simplification'^f the Political 
Probl§Tn, whether for theory or tor practihe, is the Limitation 
of th^i Province of Goverifmeiit—fhe transferring of business 
ft’em Public to Private, management.*' The.tendency of aVi 
sociiitics has been to Over-government;* andl^the relaxation of 
this is one of ^he favourable s/mptoms of existing societies. 
^|ho proper f)."iavmf;e of ^vcrnment is a question to bo solved 
according to the circumstances of the time. A state religion 
mtiy bcfsuitable under one state of things and unsuitable in 
another ; so gl'eat are the advauttiges of disburdening the civil 
ruler t)f such a charge that n case mhst always bo made for ‘ 
retaining it. 

* j • 

FaUacious Methods in Politics, ' 

t S4. Tbesfc are for the «Taost part implicated in the stater 
meRt of the sound methods. . . 

I. 

(1) The exclusive employment of the Experimental Methods is 
shown to be iusu^cient in complications of Politics. How 
mneh more so is rrfi^ro Agrecftnent without the studied variation 
V)f circumstances demanded by the method; and yet such is 
the uSu^ procedure of untutored minds. Thus, any institution 
whatever is pronounced beneficial, because the country has 
prospered under it. This is the grossest form o^ empiricism. 
The cg,ref3l employpient of the Experimental! Methods would 
avoid such drrors; but Would still be inadeqdat^. • 

(2) pqrely Reductive Politico is equally at fault. Even ’ 

starting from the best Psychology, and the best Ethology elabo¬ 
rated with an express eye to Politics, should neVer be able 
to infdt* tcjj^leiicies wjth perfect^reci^do, ^till less to compute 
the sum of a plurality ot tendencies. With t^he highest skill 
in \)sychology, with tllb best possible appi^iation of the ave- 
, 1 -age development of the grea? leading attributes of the i?iind, 
m a giv^n race of men, and with the closest attention td 
physical aud other circumstomce8,-^wef should still break down 
m thaaUempt to say,,bow a cocamunity formed (!'on;i such a 
race, could prosper under •either a* despottc’ or a democratic 
gv^'Clnncellt, with»or Without a rdlijjious belief. * • r 
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Alluskon has ^eeu niadfe tjj the erro# of seeking *a political 
• cause in a single circumstance, instead of an aggregate situa¬ 
tion, or group of circumstances. ’ , « 

(3). ^ir G. C. Jjewia has fully illustAted the asajimption of 
false and fiptitious cau&ef in Politics. Suclfe are myj;hiQp.l or 
legendary cauees; ficttons^of law ; and the supposed a#cial^ 
contract suggciii&ed by Crrotius, and fcffmally argued*hy So‘)}]pes. 

PKAUTICAL POU^TCS. 

35. In every Practical Science, wamust begin by setting' 
•forth the End. In Politic^ as in Ethics, this may^be 
variously viewed. 

In most practicaksciencos, there i% no dispute as to the end.* 
In Ethics, and in Politics, the case is different. Eveop whej^ 
j[)arties agree to call the end ‘human happiness,’4hey differ in 
the meaning attached to4t. 

In antiquity, the Athenian and the Spartan Ideals .of So¬ 
ciety .were totally differeift; scfmuph so that, on the basis of the 
same Theoretical Principles of Society, the ^ules oC Practice 
would be distinct. The ind in the Bbman Bfepubjic was*the 
power and glorification of the State. * A leading design of the* 
Spanish rule of AmSrica v^as the conversion of the nations* to* 
Catholicism. 

According to some, the end of^the political machine is good 
government, or the best* mode carrying out the primary 
objects of Defence, Security, <fec., on whose account society* 
exists. Jlf a despotism accomplishes this best, a despotism 
th« best government; if Hot, ndb. * 

Others, as ^Ir. .Mill, maintain that the cultivating of thq 
energies of the ptople is an end independently valuable, l^hen 
this is coupled with the farther assertion, ^at by Such means 
alone can a high standard ofigoveniiment be maintained, then 
both parties agree as to^the end, but differ as to the means. 

It is, however, possible to maintain that a worse government b^* 
the people*thenisel%es,als*preferable to a better that excludes 
them. ^ * , 

Another way of^pressing the same antithesis of $nds !s*to 
cqptrast passive eiijoymeat*with* free action. It be held, 
on th& one side, that what gives the greatest amount o^sentient * ‘ 
pleasure with the least pain^ is tile highest ideal of society; 
and, on tlie *dther, that what allows thegreatest scopeHip liberty 
fhid indiyidaality,'^th or \/ithoat mere'sentient enjoyment, is 
absolat^'ly tu& bestn 
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' These different modes conceiving the ends of society have^ 
a great influence on actual practice. The '‘paternal govern- 
’ments * will not confoim to the plan of leaving to the individual 
the utmost liberty compatible with the^ liberty of others. 

t ‘2-6. THe Political end bein^ st^eflj principles of 
Theoretical Politics aVe ajl convertible iJ’do maxima of 
Practice. « * • . 

The principles of Causation iif socif^ty, when stated as laws 
of the ardor or succession of events, ain theoretical principles; 
when stated as rules for effecting a given object, are practical 
principles or maxims. ^ Discussing theoretically the work¬ 
ings of DtfttW^racy, we trace certain tendencies of the predo¬ 
minance of the nuiflerteal majority, anh the tendencies of 
Siertam political arrangements to counteract these; whereupon, 
havjiig in vifew the end of allowing no class unlimited ascend¬ 
ency, wo lay down as a maxim or rule the providing of such 
checks. 

Theoretical pojitics enounces the proposition that certainty 
of tpunishment ,is more deterring than severity ; practical 
pblitics converts this ipto the precept,—Make punishments 
certain rather than severe. 

The requisites of Stability above laid down are convertible 
into maxima for attaining stability. So with the theoretical 
conditions of Paogross. 

• Although Practical Politics is** thus Theoretical' Politics 
over again, with the addition of well defined ends, there are 

•great f^lvantages in laying o.ut the subject in both forms, we 
being aware that the substance is the same. The theoretical 

• form is tho one most convenient for investigat'on ; while the 
repetition pf the piunci^les in the preceptive dress, if done so 
as not to confuse the mmd, is both suggestive and correctivo- 
^foreever, it is only by "the shparale treatment of the two 
.departments, that we do full justice to the special, point raised 
in the practical department — the. political en^- The full 
handling--ot' the various mo^es of Viewing the end would 
jps^ify a long preliminary chapter of Pra^^ticfil Politics. 

It ha^Jicen well pointed ^out hy Sir G". C. Lewis that the 
propositions of politics are ordinarily cast at random^ sorne- 
times ki the theoretical, sometimes in the practical monid. 
‘•The more haste, the woi*se speed ^ is theoretical; ^festina 
Zeii/>v,’is practical. , * 

Much of Theoretical Politics may be unavailing for practice, 
iLt least the limiled practice of a given country and ti^fle. Thft 
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^theory of PolitidS, in its m(^fet imposing pretensions, compre¬ 
hends the Philosophy of Universal History, much^of which is 
of limited practical application. Heilbe the practical branch 
is conteht with selecting « portion of what 1t%s been ejpb.o(ated 
in ^heor]^. * 

Again, the p^^tical Inode of selec^on has the farther p^cu-' 
liar*ty of alteryig the^arrangenfi&t or grouping of the political 
dicta. In the theoretical investigatiqp, the general tendenSes of 
dTfferent institutions aire described in a methodical arrdV-T' 
Forms of GhovernrfentfWar organizatibn, Police, Justice, &c. 
'With a view to a practical end, wo borrow from many differ¬ 
ent parts of the theoretical expositiftn^the i^qpifitflinks of cguse^ 
awd effect conjoined^n a peculiar structure, as loi* example, thC 
Poor Law of a given country. This is the prevailing fgrm oj^ 
all practical departments with-reference to the a^ied theoreti- 
t5al sciences. 

Many of the greatest social devices have originated exclu¬ 
sively in the hands of maen oft practice, and have been'stated 
first m the practical shape ; being afterwards enounced in 
theoretical propositions. •Such are tbe English Gonstifutlqn, 
the union of Local llanagement \v*ith Central cpntrol and' 
Inspection, the systftm of •fastening Eosponsibility upon the 
real authors of political acts. Mr. Mill regards as one* of the 
most valuable securities yet devised for good government, the 
device t^at grew up in the^East Iifdia Company’s rule, namely, 
to associate the chief administrator with a Council to advise, 
but not to compel; thus leaving the responsibilitgr upw^h ^ 
definite ^dividual. 


)HAPffER 4X. 

LOGUf.OP MEDICINE. 

1. TTie scope, of the Practical Science of Medicinp is 
given by the Definition of the^correlaT;ive coupler^-Health 
apd Disease. . * • * 

The phenomenon, expressed b^ Health on one side and 
Disease on tlfe obverse, is indci^able ; it is an ultimate fiyjt of 
human experience dike Life Itself, of'which it is a unique mode 
or manifestation. The attempt to convfey a potion of Jlisea^ 
to a personfthat had never seen or experienced any examples 
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of disease', would entitely fail. J!d call it *a perverted Life 
.. • , • ^ phrase, but us the phenome*, 

no assistance. 

a highly* corijplex fact, yet so 
, that must define it by the 
methods adopted for*our sifiiplest ei(perience3, as xcsistance, 
metion, colour, line, au^le. , We must referoto a number of 
-exaiyfiples in the concrete, and generalize these into a com- 
pr^ensive statement, which the, examples make intelligibje. 

' ‘Alter we become acquainted with a cm’lkin, numbel' of diseases, 
the others can be understood by description alone. 

It is barejy possible that \t ithout actual experience of In- 
flamraatioc,.^e‘might'form a constructive notion of it from 
its technical characteira—^objective and subjective. The objec¬ 
tive 6haracter8—redness, swelling, heat—might be conceived ; 
the j?ain alSo, if otherwise kifown to us, could be called to 
view, and united with the other Symptoms; and the mind 
might laboriously fuse the whole together. This is only not 
impossible. But the greatest powers bf description the 
expositor, combmed with the highest constructive faculty in 
the learni^, would brdak down iri the endeavour to realize 
Fpver. The subjective* experience, being one unknown to'^a 
person that had never been out of health, would be unintelli¬ 
gible in the reference. 

A few experiences of Disease give a meaning to the corre¬ 
lative notion—Hbalth; whehce we can define disease n^igativeh/f 
by.the infringement of Health. The positive definition, would 
he result of the comparison of all the modes o^, derange- 
mept, the generalization of diseases; but writers usually 
' remain ^content at the outset with the negative statement; in 
other words, thejr„define Health, by assuming the knowledge 
of a few specimens of'disease. Health, in its most complete 
accopitation up to this time is Uie absence of all the 1146 dis' 
^eases put down in tlie ‘Nonieuchitqrc of Disease.’ 

The science of Medicine is au^pdequate description of all 
these for.!u&* of derangement,'pr dep::rtui'o from Health, with 
a yiew to suggest means for averting or rem<}ving them. This 
practical end implies an extensive knowlecige of causation with 
reference to Disease. w * ^ 

As Mgards the large number of Diseases, the complicacy**of 
their characteristics, and the existenfce-of generic and specific 
agivewents and differences among them, imparff’to the science 
of Medicine a certain community with*the Natural HistcAy, 
^r claSsificatory^ciences---as Mineralogy,'Botany and ■Zoology* 


rrocess is to give an analog 
non is unique, analogy gives 
Thus, although Disease is 
novel* ane its manifestations. 
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The analogy to the two Iasi still closed through the circum- 
Glance of evolati#n,^or the successidh oi' stages, in most dis¬ 
eases. 

• Sciences •prej^aratory to Medic!^}^. 

2. ^Disease bein^ a st£0;e of the Humatf systeii>, th^ sciertte 
of niadiciiie restiimmediately the*part of Biology, cailtKl 
Human Anatomy and*Physiology. 

All animals, and .even plants, are liable to abnormal actioli, 
or disease. The conside^tion of the subject, however, ifeaclies 
t^e highest development in conoectiou with humaii beings* 
Animals share in many of the humaif diseases,.an(f,l|^ve soq^e 
special to themselves.* ^ , 

When we name Biology, we may be supposed to exhaust 
the sciences preparatory to medicine. Strictly speaking ^hj^ 
is*true ; inasmuch as all other knowledge applicable to disoftse 
is applicable through biological science. Yet it is well to advert' 
emphatically to the imorganic sciences—Natural Philosophy 
au?i Chemistry—which, in their present improved condition, 
yield many suggestions bearing at onae on tifb medical ail. 
Physics, in both its divisions—molar amt molecular, Chemistry 
—both Inorganic and* Orgtftiic, are full of applications t6 
medical biology. The medical man, in order to derive the full 
benefit of these scienes, needs to study them apart, as well as 
in their applications in Hun^n Phys^iology. •• 

Intermediate between Human Physiology and the Practice 
of Physic, are the exhaustive ent^uiries into special •orgaois, 
and special*functions ; as exemplifitid in the work of Dr. Parkes 
on Urine, and in tlv3 researches of Eh*. Edward Smith, Prof. 
Haughton, and othtJ*s, as to Food, Muscular Power, liespir|;ir 
tiop, and other, apf^ications of Physics*and OhemiStry, with 
^eaSperimeutal checks and v^rificpitions. 

Pathological, based^m Physiological^ Analysis. 

3. The j3fnalysis\of*^tfie Onanism for Physiplogftal 
purposes is likely,to prove a basis of Pathological analysj^^ 

It being found that the gj’eater number of ^ise^^es are 
loc^ked^iii separate organs or tissues, we are aided, in class¬ 
ing diseases, by a full enumeration of all those independently 
diseasable partj^. Now,'Physiology'reckons up the separate' 
tissues and* organs of the bpdy; ai^d 'Pathology eD(|hift 38 
whether these are all separately subject to disease. The 
classificatfgn ^of diseases (with the exception of whaE are ' 
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termed general diseasesXis malfle to follow the pJiysiological 
division of-the organs—Brain and^Nervous System, Senses,' 
Circulation, Abso^be^H System, Ductjess Glands, Respiratory 
Sy^teip, Digestive System, Urinary System, Generative 
B^tem, Organs of Jjocomojiionf Cel'^hlar Tissne, Skin. And 
igasrnncli as*most of these systems are com^icated grolips of 
organs, for exanfple, the Dcgestivo Systeifl, a farther* sub¬ 
division is made if localities of disease—is Teeth, Gtim^, 
Ibngue, Salivary Glands, Stonlach„Intestines, I^iver, &c. • 

This Anatomical arrangement of the seats of, disease would 
he of little value, did not^ diseases confine themselves io 
separate ofgan^, while *exerci8ing a secondary influence on 
adjoining and connected parts, or on the general system. 
Thijs, a disease may* accomplish its 'entire course in the 
bronchia, ^he stomach, or thp kidney, witli- ro farther injury 
torftie rest of the systgm thanjirises from disturbing the 
balance. When one member of a business establishment is 
incapacitated, a certain derangingjeffeot is felt throughout the 
whole but that effect is different thing from the in'capaeity 
jjf one making the in<japacity of q,nother. 

The p'oint for thei pathologist t6 consider, therefor^ is 
what parts and tissues may be isaparately diseased. This is 
to push the local analysis of disease to the very utmost. Each 
of the*parts, thus distinguished, must be supposed to have 
independent \^our or vYd^ikness, as measured by the energy 
of function, and by the resistance to deranging causes. 

■ •Even in properly local 'diseases, however, there mnst be 
mord*ar less tendency to affect adjoining or conneoted organs; 
ahd there is thus a scnl^ of kindred established between each 
f^rgan and the rest; disosse of the stomach* affects the intestines 
anfl the liver before tjie lungs or the kidnSby. 

It must be admitted, however, that the alliance of local con¬ 
nexion is apt to be overborne by the distant alliances established 
through the two carrying organst'-*thc blood and the nerves. 

. 4. I7ie a^nalysis of pliysiclogicafEu’hctions is also an ana- 
IJ'sis Qf diseased a»ctions. 

•Ev^ery function performed by an organ may be affeciad in 
disease ; and, in some ca^s, one function may fall into disorder 
iT],dependent of flie^ others. ,^yhns the liver has a plurality of 
functions ; and disease may consist imehanging one, with no 
morQ than an^ndirect result'npon thej'est. . The. pathologist 
.needs to avail himself of this analysis likewise. ^ 



349 


UAL PKobuSSES* IN 'DISEASE. 

6. A flrther ^lalysi^niuSt be luade of morbid Products, 
'hr substances generatea in disease, and unknown in the^ 
same localities dujing.health. 

^ This is a department'specip.! to morbid Anatomy, o»*Patho¬ 
logy^ and»is prtfS^cuted^Dy the asfiistanccT of chemical aualjfiis, 
and gnicroscopic^ examination. «All *8ach products are ta be 
carefully ascertained,* classified, and described. After*an ’ 
•account of the characters ofipcaoh, sftme mention might Jbe 
made of thf diseases \^erein they severally manifesi^ them-* 
iftelves. Finally, their causes, known or supposed, might he 
given. But care is to be takeh npt to jumble pp all these 
three expositions in one. 

There is a close aifd natural connexion*between the account 
of new morbi(J deposits and the morbid alterations of the* 
several tissues. The same method needs to be foflowcd^i^h « 
these; each morbidly traiTisformed IStructure being descaabedL 
with reference to all its appearances and re-actions, ascertained- 
by chgsnical, mici’oscof)ical,*or olheiwncans ; the description to 
be followed as before bj'mentioning the disease wherein 
o^urs, together with aay assignable csijflses of the cliknge. • 

Eiiitmcration of IHseasedf Ft'ocesses—General Patholggy.* 

6. The numerous diseases affecting the various organs of 
the body, as well as those attack^i^ the v\{|yole, consist in 
the repetition of a small ifhmber of diseased processes. Such* 
are Inflainatiou, Congestion, Haimorrhage, Degeseration*^ 
Tui^ours,*&c. 

7. The piocess .called ‘ Fever* is considered as a general 
disease. 

.'Upwards of twenty forms of diseased process can bo enume¬ 
rated ^ Fever and Inflamniatiorfiakin|[ tbejead. This is doubt¬ 
less a great means of simplifying disease, although, in the • 
specific varieties of the difl^rent processes, there is a consider¬ 
able burden of detail.* Biflamm^tion is pretty mu^h^hc same 
in aH- organs; bohig^imilarly caused, and similarly brought 
to a termination. * 

is proper to.givc a general %na comparative account of 
every one of these processes, adverting to their modes and 
varieties, befqre taking up the special diseases whese they' 
enter. Chapters on !l^ever in^eiIeral,.an*d»on InflammafloiTiu 
geiTeral, are usually provided iq advance. of the detailed do- 
scriptiou'pt diseases. 
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(general Thera;peutics. 

TJie gonc^ralizing of Diseases, through the recurrence 
5ft a limitejl number of .dis(5u,sei proce^, Suggests th& 
generalizing of IJeme^ial agencies.* 

43y way of anticipating the remedies^for the special diseases, 
there is the same prdpriety ia. taking a geueral view oY 
remedial agencies, as in taking a general viejiv of diseased 
processes; the one being made possible by the other. Ve^ 
great advswitage accrues from studying each remedial agent, 
Qht apafTfrom Ml particulars, which would be absurd, if it were 
possible, but in conitexhn with all particulars. 

i’or example, that remarkable fact called^ by the various 
ffa^ies— metastasis^ counter-irritation, derivation, revulsion— 
shcKtld be discussed at tBe outset^on a comparative survey of 
its Characters in alf variety^ of circumstances. This is the 
only means of gaining a dear and steady grasp of its e^mp^iss 
aod»liiftitatiourfi, or of the causative conditions of its working. 

* Again,* a similar ggheralized ^iew* should be taken of ^he 
process' called Stimulation, whpreby,^through a variety of 
means, nervous action is heightened, with an increase of other 
dependent functions. 

The justilic^i^on of a^General Therapeutics, to assist both 
in investigating disease,* and in »ireasurmg up knowledge for 
UEjp, is g^pparent in the greoit number of diseases that have no 
specie. Take Typhus, fqp example. The only, directions 
given relate to the employment of the general remedies 
adapted to the symptoriis of the disease; <?old affusion or 
cbf^ling drinks |br the main fact—excesE^lve heat; stimulants 
to resist the depression of the powers;, purgatives when ^he 
bowels are conhued; sifdorifics, &d. 

Although the removal of the fiause of a disease, with the 
occasional plying of the opposite* iU^ust always be a large part 
of X hei'cipcnCics, it does nejt maker the whole. TV^hen the 
phson of typhus Ijas once entered tl^e blood, the removal of 
the cauoe i^ irrelevant; the effects are already produced, and 
must be counteracted by new agencies. Hence, we hava first, 
Geneii-al Causes of Disaases, with Hygiene (which‘a know¬ 
ledge of causes may fairly exhaust)'; secondly,, General Thera- 
p6uttcs, as counterwbrlfing the derangeyient actually produced. 

General Therapeutics migl^t thus conveniently follow the 
goneVal accouift of the Causes of Disease.' The'two branches are 
•closely connected without being ide^itical. The geueral causes 
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Hre such as—H^editar^ Constitution ; Atmospheric ' causes 
(Miasmata, Cold, lleat, Light, Bloctricitj, moistiiie); unsuit^ 
able Pood and DrinkOver-exertion or Excesses f deficient 
Sleep ; insnij^cient ExeieiSe: Poisons, <fcc. In tho*acn<JUMt 
of these nexiou^^ents ii im^icatbd the branch called Hygiftio, 
or \jarding off diseases ny avoidipg tifeir causes, under which 
are indicated, obversel^, the causes of thabvigour of tho org^ans • 
•w*hich we measure by the distance pljtced between us and (Jis- 
ease. 

, The Maten^a Medica usually contains a Therapeutical classi¬ 
fication of Medicines; as Tofiics^ Exhilarants. Narcotics, 
Emetics, Purgatives, Sudorifics, Diurfttics, &c. Thfc minute ; 
detail of properties mndcr each of these •classes, occurring in 
the larger works on Materia Mcdica, is to a great ext^ht a* 
repetition of general Therapeutics. • ^ 

Notions of Medicine.—Definition and Classification^' ^ 

• JJiseases. 


* 9. t5f Disease on the whole, there is no* definition,tljat 
is of any value ; defiijin^ begins witHi the s'pecijjl appeai*- 
alfces of disease. * 


The very best generalization that can be given of Disease oti 
tho whole, is too vague to furnish any useful indications. 
When we begin to specify morbid sppearancQ^ and, under the 
name ol Disease, to group those* that are connected in the* 
same outbreak, we are enabled tg construct definitions, o^ten 
short of aJ)solute precisioUj yet (^itbfnl to the greaT mass ofT 
actual instances. 

The Notions <)f disease concern (l^ diseased processes, and 
(2) diseases. Tho*diseased processes include PevQ^, Inflafn- 
mation, Conge'sCion, ^Heemorrhage, Dropsy, Atrophy, Hyper- 
’ trophy. Degeneration,Tuntours,•Parasites, palculns, Functional 
weakifess, &c. Of these vyicus processes, we may specify as • 
distinguished for their pi^^ence in common diseases—Feyer, 
Infiammaj^ion, Degentration, an(j Functional derai^ement. 

Fever .—Fever i(j»aj^neral state entering into many diseases,^ 
and now susceptible m being characterized in its geneplc char- 
act^^. .Mainly tl^rough the careful observations of Dr. Parkes, 
a generAlization of Fever has been arrived at, such as tt) con¬ 
ciliate all the ^appearances. The generalization is expressed' 
by the simple fact—‘ Elevatign* bf Temfiarature.’ A risef*of 
temperature in tho Body generally, to the extent of 4® of 
Fahrenheit^ is a stat^ of Fever; while the indbease ma^ pro-' 
ceed tjo 6®^ S'*? or even 12®# Fahrenheit. 




As there is no circumstance Ci.‘aracteristio of Fever in 
fTonerai, but this one fact, and its imp icationfe or consequences, 
this is the eoniplete definition of the febrile state. Any expla¬ 
nation or •illustrqtion of it should consist in stating a variety 
of itiEftalices shoeing the elevate4^telEperature. 

ihe followhig defidition irf encumbered wftlr statements not' 
belonging to the definition—A complex morbid state accom¬ 
panying many diseases as part of thei^ phenomena, more, or 
less constantly and regVilarly, but variously modified by tOe» 
Bpecifiu nature of the diseases winch ii ' accompanies. It 
KCSENTIALLY CONSISTS IN ELEVATION OF TEMPERATURE, wMch musi, 
arise from gw increased t}ssu^ change, and have its immediate 
cdtuse iii Idterat^n of tJie nervous system* The first sentence is 
a pure superfluity. * The setting apart of Fever for separate 
consideration, as a preliminary to the discussion of particular 
disemises, implies what is therein stated—that fever is a 
r’.cvHid state, and that it accompanies many diseases. Ad 
such'wordiness should be sedulously avoided in definitions. 
A difibrent criticism applies to the fexprbssions given in ^talics 
—r‘ JM-’ising froiji an ipereased tissue change,’ ‘ having its imme¬ 
diate cau<<e in alteration of the nfervops system.* These are 
not idle phrases, but describe circumstances of radical impc..t- 
unce.* Why, then exclude them from' the definition ? The 
reason is that the complications of disease require the separate 
discussion of whatever cap be separately discussed with ad- 
vaiitago ; and, almost eVdrywhe?ie in medicine, it • is advan¬ 
tageous to separate the description of the fact, from the 
ieuqui'y'mto the causes of tie fact. A definition should give 
■whatever is essential to the determining of a fact or pheno¬ 
menon. It should not*^ assign the causes, por deduce the 
consequepces of ihe phenomenon ; this ispto advance beyond 
(Ififinitiou to predicatlbn, and should he a dutinct expository 
statement. • r 

It is a proper appendage to the ylpfiiiition, to enumerate the 
ordinary supcft’ficial appearanceSp^pf fever, which constituted 
its definitlbn before the ex&ct generalization was arrived at, 
,*^ot skin, quick pulse, intense thirst, scantj*'^ and high-coloured 
urine;*|it the same^ime subjecting theseSsymptoms to a critical 
examination, so as to point' (jntVbeir shortcomings. „ 

The fact of Elevated Temperature being suflBciently shown 
* by an cappropriate selection of 'parfeicplar cases, the important 
p»cdk;ations above^ alluded ‘to may be taken up. From the 
Law of Conservation, applied to the animal economy, there 
' musif be an iiufrease of tissue change to ^support the heat, and 




,t^e endeavour sbelild be Ibade to osl^ign this tissue change in 
its exact circumstances, and numerous outlying effects. The 
account of fever is* not* complete withcTOt this development. 
The conoliisiqns of Dr. Pafk^, obtained by a targe induction, 
*and Gprro]i^orate<i deductively oy tbe’Law'of Conservation, 9ee 
most^valuable. ‘^be increase ©^.temperature may be (or ts‘ 
frequently) attended with increased elimination ; and therefipre 
prcsumabl}^ with inereased tissge change.' Again, what seeups 
to coutradic# tho gorueral Taw of Conservtd'ion,—‘ the prpducts 
qf metamorphbsis, as judged by the e.'?ci‘eta, maybe diminished 
in febrile cases.’ The contradictfbn, however, is onjy apparent 
for there is good evidence in such cases,*of an Undue retention 
of excreta, which raaikes one of the bad •accompaniments of 
fever. Careful observations prove that while tho adtnal 
amount of excrefa is small, the tiSsne*change may stfll be 
*lt is obvious that this topic invulves a great amouu^Ui^ 
detail, ascertainable only by observation, although checked by 
the gq^oeral law of definite chSngis accompanying definite 
results. The state of every organ, and the aftprations ii^ qfl 
tho excretions — pulmoiiary, nrinaryt tjutancous, uitestinal,* 
—need to be exactly gathered from the facts, and- made q 
clue to tho windings ortho special febrile disease. • 

The second predicate given with the foregoing definition— 

‘ the alterations in the nervous sys^pm '—also Reserves to be 
illrfstratedi proved and unfolded, in*a*Bcparate*8ection. 

Other important predications extend the discussion of fever.: 
such are the procuring cause, and’the course or evoltItiup,*iD J 
so fas as b^onging to fever generally. , 

The foregoing^outjine represents tlfb exhaustive account of 
Fever, as a Siseasediprocess. We began with the intention af 
illustrating dejiniiioit in Medicine ; but, ft was* advisable, once 


fof all, to show the bohndai^ bot«veen legitimate definition und 
predication, which is habitAlly disregarded in medical sub¬ 
jects to tho detriment of thJjiandling, both in tt logical point 
of view, and? as reg^ds* exposifbry clearness. Tlip filling 
up of the sketch would be the accent of Fever, coming unde/ ^ 
a previous heading—•^Inumeration of Dfiseased Processes’ 

, ** • 

Injiamlhation. The complication of this state is very conaider- 
ablo; but the method .iff plain. --We must separafp the 
definition frgm'the predications ^•and, iir ^be definitiouf we 
may* separate the sU]|torficial appearances of the ordinary 
diagnosis, ivtm the es^ntial factor facts of theistate. ‘ • 
Firsias t6 tlA definition. The traditional cliaracters of inflfiim- • 
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mation are tbe four —which 

are a tolerjibly close approximation. Thete might be a con^ ' 
venienco jn briefly illiistratiug these points., as a prelude to the 
improved generrlization that nan new be aflbrded. 

' Even then* however, the only ‘corrpot coni^e is to adhere < 
in the first instance to a description df the charaotew, for the , 
pn^oses of identikqation ; rWraining from all^remarks bearing 
on the causes or explanation of the several symptoms: Th% 
kind of redness, its various hues, thff morc or le^ extensive 

S revaldnce of the mahk,—are the points proper to the eluci- 
ation of the property as a defining and diagnostic oiroum^ 
stsiuce; Jth^ sanje rigid ^lan to be followed with the three 
remaining symptonjs. ^ The triumph 0 / the expositor’s art 
in this effort would be, that no one could ever mistake tho 
PP^a^matory redness, swelling, or tbe rest. 

The appearances being^thus expounded with all the neoe> 
e'ary.eflforcement, it is admissible to consider how far they 
may be connected, either by implication, or as cause and effect, 
with o^e anotlier, or with circumstances still more'funda- 
mehlal. 'It is‘then easy to point out that the fact of congestion 
is a very important addition to our kno'wledge, and, ifimpar^^d 
611 the plan now stated, re-acts* on ocr previously obtained 
knowledge, by resuming in a single statement all the four facts, 
and still more, by accounting for the failures of one or other 
of these in partienlar instefeices. 

The faulty mixing up of description with causation is exempli- 
ffied in fee following sentences regiu^ing Inflammation:—‘Very 
'often*^ho pain is a “bulking” or throbbing pain—e/ery beat of 
the heart makes itself felt in the tender part. The pain of inflam¬ 
mation resuUa no doubt, from the implication of the nerves in the dia~ 
ectssd processes.’ ‘ Speaking generally, therefore, there is more pain 
felt in external iiMamifiation, because there are more nerves of com¬ 
mon, sensation,^ 


It is next to be seen what het^or account can be given of 
in^mmation,* grounded on the ,|‘u^erior physiology and ob- 

servations"^of recent times. *^The definition of I/r. Aitken* is 

• # 

■ ** A cpmplex morbid process characterized,—'By a suspension of tho 
concurrent exorcise of functionsamoT)|g minute elements of fee tissue 
involved; (2.) By stagnation of fee blmd and abnormal adheriveness of 
fee blcod discs in the capillary vessels contiguous to fee tissue-elements 
whose functions are suspended ; (3.) By ccn^ction of the minute arteries 
leadii^ to fee cnpillaries of fee affected part, with subsequent dilatation 
ad'd paralysis of the contractile ti^uii of the affe.cted lilood-vcssola. The 
nutriiivo changes between tho blood and the minute component elethenta 
' of fe^ affected ti^ue become visibly altered, arid althbugh am appreciable 
exudation docs not necessarily follow, yet a constant .endenoy betrays 
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very exliaustive^but mijfhtHje di^urdened of various points 
•more suitable to prcdic|tion. The following appear to be th^ 
essentials of the enumeration. * 

(1) Suspended functu^ oj the tissue inv^ved^ —-It, appears 
from the dbser'pationsVthaiF an ^Ifceratipn of the tissue—^§ttch 
as lo iApair ifs^propor functions, t]^t is, its relations to Jbhe 
bldbd in the wty of absorbingfliT)urishmen1b, and its secreting 
^ 01 ? other functions—is the primary l|iot,*the starting poiilt of 
the subsecLuent cpangea; • 

(2J. Stagnation of the hlood. 

'• ( 13 ). Abnormal adhesiveness of the blood discs in the capilla'fies 

adjoining. 

(4) . Contraction gf the minute arteries sy.pplping the capillaries 
of the part^ followed by dilatation and *loss of contractile ptgpek ^ 

(5) . A tendency to exudation^ varying according to c iroji.m * 
#;tancGs. 

Not until each of these constituent facts is maae inteinglOTe, 
and verified by reference^to observation, should any discussion 
be cOfnmenccd as to their causative connexiens among them<> 
selves, or with other fact^. The description* being firs't fqp- 
^red complete and inleliigible, there is the greatesf interest in 
trying to show, for eammplef that the first fact—suspended func¬ 
tion of tissue—leads to the blood derangements afterwards 
enumerated; and that the beat, redness, swelling, and pain, in 
the old ^enumeration, follow as ef^pts fron»/;he train of cir¬ 
cumstances, as given in tbS definition. ^ ^ 

The new growths and deposits should be reserved foi^ dii^ 
tinct predication. So alsci should be the cause or eveift of thib 
attack, whether favourable or unfavourable. * 

The extremS variations of degree in morbid states, originate’ 
ajipearances gcjpioely short of differences oV kind ^ and tCose 
have to be explicitly enupierated, as^specific modes of the main 
phenpmenon. A distinct consideration • should bo given to 
such an important accoi&laniment as fever, ^nd to the con-* 

. • • 
itsMf to the occurrence* of an intcrotitial exudation, but wlich, ui^der 
proper regimen and ^r(^r remedies, is often abyrtive. When an ex«d«* 
tion follows as a result of the inflammailorr state, it is apt to h| Associated 
with an, unhealthy condition (X fho blooA and of the blood plasma, and 
to*lSe associated w*th varied forms of new growth, according 4:o,—(1.) 
The elementary structure in. which it occurs; (2.) The special zymotic, 
constitutional, or local disease with which this complex morllld process 
may co*exisl; ahd (3.) According ft>' the progress of the inflaiffimaAion, 
thtfamount and sud^nness of the effusion, the extent of tissue involved, 
the diminished vascularity, and the powers of absorptbin of thd surround^ 
ing p^rts.'' 
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ditions*of it (th© chief being probdfoly severity of the local 
ipttack, and;poisonons virulence}. ' ‘ * 

The hypothetical viAws started, in the absence of a theory, 
to cpnn^it the w^ole cycle of oircum^,fauces should be given 
lastfcof all. _ . 0 - 

. Jo frame definitions oT Deffeneraiion*'a,nd Functional Disease^ 
•beyond the statement of the palpable appearar^oes eo uarhed, 
would involve bypotheti 9 al considerations, such as require fo < 
>be admitted into medicine, wit^i dcUL. regaW to ^heir exefCt 
value. * ‘ ** * . 

Oorrelativ© with the defiaitions of Health and Disease^ 
generallju aife these of the “important words Gonstitution^ Tmi- 
peranientf Diathesis, iudipating a hypothetical permanent con- 
fdition of the system, manifested by the tendency to incur or to 
^rpsistfdiseaaos ; and more especially diseases of enfeoblement 
'^andftiegeneration. A wea^k chest, strong stomach, suscep<* 
tibie nerves,—are modes of stating in a useful form such actual 
occurrences, as that certain persona, are, easily affected with 
chest disease, or^resist the agencies of stomachic disorder, and 
SQ ‘on. They sflggest mode of JLif© best fitted in each case 
to ward qfr attacks of disease. ^ 

* Definition of specific Diseases..'—The «vcry general states 
above*quoted exemplify definition under the greatest simplicity, 
as I’espects the number of characters, although not as respects 
.the generalizingsmnd seizyfig of the true characters, When 
,we proceed to the more concrete forms of disease, Typhus, 
X3^cat, Pleurisy, Neuralgia, Jaundice, &c..we have the general 
procestes. Fever and the rest, witl^many various aSicesaories, 
constituting the specific characters of the individual affections. 
Consequently, the definitions are apt to be v^olulnincrus in their 
etatement'i and tfiere is still more need of method. 

Examples have now bepn given of Jihe two different modes of 
medical definition-; 'the one corre. 2 Ponding to Diagnosis, and 
‘framed with a,view to identify a disease by such signs as are 
besfF accessithle ; the other, thr mo^ Spm^ete generalization of 
the essential. fact or facts of /^he disease, which facts may or 
miy npt lie'upon ^tho surface. The’^.rst is requisite for 
distingufthiug diseases ; tho*seccm(^, for understanding them. 

Let ^8 take an example, 'bmit is defined by Dr. GArrc?d— 
* A specific form of articular inflammation, invariably accom¬ 
panied ^with uric acid in thf) blood, and the» deposition of 
urate of soda'in the^'affected tissues.* The positiohs given to 
,.tho w,prds 'specific’ and *aceompanied, suggest,what was 
probably notin tha author* ^ Strietly interpreted, the 
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langaag^ meaa^«>Goat k a^icaiaik inflammation of a specific 
Character t^ot destjribeJ); it has, for concomitanis, uric aci(^ 
in the blood, and deposits of urate of foda. The yeal mean¬ 
ing must be presumed —Gout is articuliir inflammation, 

specifically marked by urro tfcid, •&€. • , ^ • ' 

Tliis 3efiniti^ is oi3e of those agilvauc^ed genefalizatlqps, 
attdlued ia so^e diseases, whfdh penetrate to the essential. 
, features of the disease, without fully ^pressing the symptoms. 
A*detailedfaccount,of tH^ symptoms is therefore added, ^rst« 
under the tftle * DescrJ{)tion of an attadk of Gout, and of the 
progress of the disease * (a sort»of popular history of a case), 
and secondly, under ‘ Phenomena dGCurring«durfng^n acpte< 
Gouty Attack,’ whejj’e there is a moye jigid and systematic 
analysis into (1) Febrile Disturbance, and (2) Local Appear-, 
ances. , ^ 

• Again, Small-Pox is thus defined, (Dr. Aitken). * The^^o-^ 
duct of a specific and palpable morbid poison, whi.co^s. 
reproduced and multiplier! during the course of the malady. 
(1). 2ffter a definite period of inc^ation a remittent, fever is 
established and followed aby an er^j^ion oif the* skin* divl 
s^gnetimes on the mucous surfaces, f^ith other concomitant 
and occasionally succeeding affections (2). The eruption on the 
skin passes through the stages of pimple, vesicle, pustule, scab ; 
and leaves marks or cicatrices on its site (3). Tho disease 
runs a dpfinite course, aiid^ as a fiilo, exhauiiJis the suscepti¬ 
bility of the constitution to another attack (4).’ ^ 

Hero we have, in sentences (2) and (3), tho leading synap 4 . 
tom^ of tile disease, which^ when elucidated at full, make up* 
as far as book description can go, tl^ characters whereby flie 
disease is *kno^n jind discriminated. Sentence (I) does not 
pj’operly beloug to the definition, but to th(J predicAtion ;* the 
oanse of a disease •must* always bp accounted a predicate. 
Sentopce (4) contains twa statements, firetj ‘ the disease runs 
a definite course,’ which s^ly is true of many other diseases,* 
if not of nearly all > seqj^ilu, ‘ iteexhausts the susoeptibililfy of 
the constitution a*nother attack,’ a most pertinent circuiu- 
stance, but still bett#f reserved for a predicate or concgmitffnt, 
than mixed up with tho dc^aiug marks. * * 

^fiJlu&Dza is thus defined by Dr. Parkes ;—* An ejjidemio 
specific fever, with special and ear)y implication of the nasor 
laryngo'brono^ial mucous membi’S'Ue ; • duration definite of 
frojn four fo eight days ; one^attack not p’reservative in future 
epidemics.’. The transposition of the epitl^t ‘ speci^c ’ i« 
desii^p-ble < —• An C3pidenyc fever, specially characterized by 
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early implication, &c.* Thfs definition also^ fe»a summary of 
[Symptoms, and nothinff more. The author proceeds, under 
the head ‘Symptoms ’Ho describe the"general course of the 
disease, fmd unddt ‘ Consideration of the Special Symptoms ’ 
to afialyze them in thd detail J Temperjtture, Condition of the 
Skfcnr, Nervous and .Musc’ular ^mptoms, Resj^atory Syst^im, 
Ciretdation, Digesliou^ &c. ' * 

All the facts stated in <-he Dofipition may be fairly allowed 
definjng circumstances, with the inception perhaps of the 
laat ‘ one attack not preservative in future epidemics,* which 
might be reserved for prediedttion. Doubtless, if we had a 
JgeneralizJftion of the central or fundamental fact of the 
disease, this would take place among deductive consequences, 
^^r prfipria. But we do not need it in a definition consisting 
of the symptoms? 

owing sentence cttmmenccS Dr. Buzzard’s definition* 
of Scitrvy :—‘ A peculiar state of mal-nutrition, supervening 
gradually upon the continued‘use ^f a‘'dietary deficient in 
fresh vegetable pisiterial, and tending to death, after a longer 
oi* shorter Jnterval, if the circumstances under which it arose 
,ropain unaltered.* Hero we have first a theory or hypothesis? 
of the ^essence of the disease (a state of maV-nutrition), secondly, 
its cause, and thirdly, an announcement of its dangerous 
character. All J;his is extraneous to the definition, which is 
given unexcepticftiably (as* a summary of Bymptoms)nn wha‘t 
'Succeeds to the above quotation. 

Propositiofis of Medicine. 

j[0. The Real Predications of Medicine, as contradistin¬ 
guished ftom the Essential or Defining^ Pippositions, fallj 
uiidev distinct heads. « ^ ' 

• The coupling o^ the Essential Aaracters, even although 
numerous, is Definition, and not\ -Real Predication. Nay 
farther; rtie modified characters sho^n ni different conatitu- 
tioBS and different circumstances, shouldi be held as a part, or 
as an ajn>eh4agc> the Definition. Re&l propositions may 
arise in connexion with these® modfffications when certain cir- 
cumstifiices are alleged to intensify or to resist the diseased 
action. • • ‘ < 

le first class df Real Predications comprises Tn- 
i’ereuees’or pre^^ria liom the Essential characters of a Dis¬ 
ease. 
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Having given, the de^tiing marks, m their ultimato state- 
%nent, together firilji the important modilioations and varieties, 
we can by the help of general principles—Physical Chemipalp 
Biological, or PatKologic^l—draw many copclnsiona bearing 
on. the treaitmeujj of thft di^ase. It woald*be easys*f<JP*ex¬ 
amine, t® unfbfcj.a great many 'facta respecting Fever, ffom 
the«Law of Ooifcerva^on, the Igivs a^d facts of Organic Che¬ 
mistry, Ac. 'Phe maintenance of an excessive teraper*Kjire, * 

' Mwth less than the ordyiary* nourislftnent, involves wastoi or 
inanition (ft^he org^ins,^^nd the formation of special pfoducts^ 
,Df wasted tissue ; with many other consequences under given 
situations. This * deductive jJVocpss, when baged on well 
ascertained generalities, affords propositions •capabl®’of great* 
precision and certaifity. 

12. The second class of Real Predications# consifitj^^ 
the Causes of Disease. 

A Disease is one t)jing,^its cause is another thing; pi^oposi- 
lrions*<bf Causation, are, therefore, fli their nature, strictly real. 
Their importance vlemaud^a distinct agd sepanate epiAiciutkia. 
•^Implicated with thS great subjec'Uof Hygiene,‘or Health 
preservation, there a body of information respPotiug tjie, 
General Causes of Disease. It is all one thing to know what 
are the means to keep the body in health, and what will cause 
loss of health. f , • 

Many forms of di.'-.ease fft’o due af once to tne disproportion 
between the expenditure and the nutritibn of t^ sy^temf 
The diseases of exhanste^j orgruis—functional we^irtlss ari& 
degeneration of the muscles, the brain, the stomach, the lungs, 
the hearty*thc^kidhey—are of this class. 

To the*same^ general head should be reftyred DQfirly ev®ry- 
\£hing meant by Pr^fdisposing Causes of Disease. There are 
many diseases that do not sprtng ujf unlqs^by poison or* infec¬ 
tion from without; callbl Zymotic Diseases. As the poison 
of many*(Jmt not pf al^)ABucli^diseases may*be resisted.b}-a 
healthj’^ system, afiy *circnm^tauces that desfrey general 
vigour, or weaken ^rticular organs, are called predispoj^iqg 
causcs>as when cholera ^t^acks constitutions.exbuhsted by 
intemperance, or by insufficient food, or by ill-ventilated 
dwellings. . • 

It is less e»sy to gehcralizo the i'arious influences axpresse'd 
as Infecth>n, 'Epidegiio poisoif,* Miagmafca, &c. Thi^ is«qne 
gfeat field for, ;^»p]nesentative .Hypotheses in Medicine. X 
yndde efch separate Disease, an acconni is giveil of tlfe 
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Cause, as* far as know^i, whether, gef^eiul or special., Where- 
ever there is a loss of pow&r from the predonfinance of wast^ 
lOver supply, 'Causation in Disease app^^ars as ‘ Conservation; * 
it, howevw, still more'largely implicates Collocations. 

llTiere may b§ a distinctReal Propositions, 
expressing tKe effects Disease. - 

•' 9f r » 

TJke full definitiofi of each disease comprises its^ whole 
history to the termination; the temporary prostration ,of^ 
■Typhus is not an effcpt of the diseal^e, it as' the disease itself. 
"VVlien, however, a disease, besides accomplishing its course^ 
makes permanent changes in the organs or constitution of the 
patient, tliis is n‘ distindt ^act, and may be enrolled under tho 
head of Causation. *Su 0 h are tho after effects of Small Pox, 
k'Mea'iles, Scarlet Fever, and Syphilis. While a few diseases 
,iiara(’a whdiesome efficacy, the greater number weaken the 
at some point, and uro therefore predisposing causes oi 
futnre disease. 

\ V 

14. The Rerne^iic;? of Disbase constitute Real Proposivionr.. 

oA.ll the previous classeo of assertions prepare the way for the 
present. .The remedy di a disease may be suggested by a4s 
Characters, whether primary (Definitionor inferred from the 
primary,(Propria); or by its Causation, on the principle of 
‘ remove the cause.' Djseapes of functional degeneration, or 
premature decayof orgaarf, involtre in their cure ‘repaying 
«4he debt to naturoV—tho restoration of the balance of nonrish- 
Kietfi ipid^A^aste. 

In many instances, the remedy consists in something differ- 
, en£ from either treating tke symptoms, or removing the cause. 
Thg ^Specifics that^^have been discovered for particular diseases, 
aa^quinine* colchi&um, Kme juice, cod liver 6il,''aTe affirmed 
independent facts, resting on ?io djductive inferences from 
Cause and Effect in‘Disease, but o^ the experience of ^ their 
'efficacy. ^ 

t 

*The Experimental iMetlwds in Medicine. 

15. AM the Experimerital Methods are applicable to 

Medicine, with certain cautions and qualifications. ‘ * 

• The i^jltimate problem of^'Mediftine is to find a remedy for 
every remediable diseifse ; and*tl]e apparently direct solution 
jp lo try various remedies upon actual caieS. If by Agreement, 
under a Wide vatiation of circumstances, al certain remedy is 
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found #0 succeed unif^m^, or,in a great proportion oi 
instances, there i» prooif that it is the remedy. • • 

Still, we cannot but^emark the verj| serious difficulties tb^ 
beset all the Experimental Methods in this attempt, ^{’l^irality 
of Causes jftid laterrai^ure^of Effgets qpeur in the most a^ra* 
vatfed shape. •Wfcoreovei’, drugs, beip^ natural ICinds, hav^ so' 
Qian^ possible* ways* of acting? that the* elimination ^ the. 
precise property tjiat affects the system fs all but hopele^. 

• Without, therefore, i^baiffioning the tentative proces^ a» 
applied tf>, actual* disease, modern zftedicine has fldvanta* 
geously approached the proble^i in circuitous ways ; and Ifas 
instituted rosearefies where the experimental meliio 5 i,s are less^ 
likely to bo defeated. Thus—to take thp example that departs* 
least from the empirical mcthod~tho mode of acti^jn o^ 
medicines and»of remedies is studied by experinq^nts, imt re- 
,gtricted to special diseasqp, but apjjlicd to the system inhialfl^ 
and in disease alike, under every variety of conditions * IHfis 
is a far more thoryugh and .searching procedure; and the 
Metked of Agreement wifi, of itsdlf, give trustworthy results 
under so great an extension of instar^es; while by su^eftij^* 
4 ^ing Difference, InvSrse Agreemenh and Variaflons, there' 
i^ay accrue results the highest certainty. 1 may cite, among < 
this class of Researches, the Report of Dr. Beiinet bn the 
Action of Mercury on the Biliary Secretion, and Dr.'Harley’s 


vork on the Old Neurotics. Byfs|ich reseaijches is built u^ 
that part of Materia Medidh. relating to the Thei’upeutio actio^ 
of medicines. * 


Again,•the Pathology oi’ Disease, the concurrence tnd 
qudnee of symptoms, studied, in thq first instance, apart frt>m 
modes of treaftnedt, is open to experimental enquiry, and may* 
lead to results Saving all the precision Vittainoible in**the 
l/cience of M!eSicin^. For such enquiries, the Experimental 
Methods are suitable; tue etideavour bouig made to'bring 
each* one of them into*Vay, by searching ^or the approp-* 
riate clasSliyOf insttyices/^ Mei;p Agreement is usually uvhat 
suggests itself to thd untntored^ind; the force of Agreement 
in Absence and of Valuations is apparent pnly to such minds as 
have reflected largely on th^conduot of scientifiic relbarches, 
•The^infl.aencee commonly calTed Hygienic, and the simpler 
Therapeutic agencies, as^colij and theat, change, exercise and 
rest, stimulants, &c., dot only pres*ent fewer difiicultidh t6 ex¬ 
periment,* but are, ^Iso wi^m the. scope of the DeSucti^ 
mSthod. ^ In like manner, the proof of noxious aganejes—^ 
imf\ure aud.ftie effluvia of decay—is easy and complete. 
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16. The Elimination of Ch^hce^ is of great vs^lue in 
IVtedicine. ‘Its groundwork is Medic^^l Statistics. 

Nowhere more Ijhan fti Medicine may laws of Causation bo 
defetflSdV there is rarely such a thing as a simple cause yield¬ 
ing b simple eflfect. lienee, the neejessity ^ o^ asce’’taimng 
wh6fhpr a coincidence ik mor^ frequent than would be fic- 
couii'l^d for by chanct. The cinchona bark sometimes fails to 
^urs ague, yet its general’efEcacy-is satisfactorily established. 

To prove tlie efficacy of medicines a whole, in opposition 
to'some speculators that ascribe all cures to nature (aided by 
repose and i^giraen) the .phji'siciaus of af French hospital 
inade the Sxperim'fent of withholding drugs from all the patients 
for a certain time. “Th^ conclusion seeilied to he that the 
Short^lity was not increasfid, but the recoveries were more 
jjiotia^ted. *‘^rhis was a competent inference from statistics. 

»The difficulties in obtaining a statfetical proof of the action 
of a remedy in a given disease are exactly those already 
mentioned respepting the wuse of Agreement in the ,|jaine 
dettrsiiiiution.*, A large hospital statistics is better than the 
inYercnces of a single ^^sician in'’private practice, and yet 
, ma<y oome'sbort of the proof. There should always be obtainoi, 
if possible, a parallel statistics—cases witb, and cases without, 
the treat«iiont in question. The statistics of cholera treatment 
may be alleged m favour of many modes; but none appear to 
be decisively established. " “ 

Statistics, as applied to Scarlet Fever, has shown that a 
.second attack is extremely yare; that the ages of two and 
thiiee are most susceptible to the disease ; and that the maxi- 
■mum (f prevalence is in®October, November, and December, 
aydthe minimurmin April, May, and June.** 

The D^eductive 3f^thod. * ‘ ^ 

^ 17. "J'he scope t)f the Deducti^^s Method in Medicine is 
co-extensive with the number ol^ well-established generali¬ 
ties tliaa«Ciin be appealed to. 

. The sciences applicable to Medicine—Physics, Chemistry, 
apd BibCogyi^—yield a cons?derq|3le number of these fertile 
generalities. The science it&elf contains few of a very qom- 
mnndidg character, but a considerable number that have a 
sufficient range for dedudtive dperaticm, and for converting 
oplpirical into derivative lawl." .4,11 the proposiCions of general 

(' * $69 an eatimatia of these difficulties in Dr. Bftrclay’e wor]|i on Mecdical 
Errois, p. 35 ‘ 
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oansatiofi in medicine, tue ft-ws o6 general Therapeutics, the 
^awa of the actioft of iroigs on the system generally, hav^ 
sufficient breadth Jbo control and correct empirical, practice ; 
and the mastery of th^^as well as of the jfkpve comjpaji^ing 
principles of the* prepajato^ sciei^es, increase^ the powy'of 
the jjhysician. *The physiology of Fogd as regards the varjQUS 
fordea of 4;he ,lyster», musculff, heat-diving, norvouS|^c.,. 
,ah(l the producls of*elimination,—is jpregnant with deduCTive 
cdnsoqnenc^s, both in wfy:dirfg off and in caring disease. < 

The experimental mithods are greafly at fault with slow* 
lictiug causes; anc^hence deduQition is pre-eminently desirable 
in such points as the influence of alterative ipediftinQS, stirpu-, 
lants, climatic influences, and modes of li|e. Only a thorough-' 
going statistics, or a deduction from general principle^ oan^ 
dispose of the flonbts that arisewon such points. 

Hypotheses in ^tcd^cine. 

• ISi^Medical Science is*largely riopeiiden^ on Hypotheses. 

As a department of applied Biology^ Medicihe needs all tljo 
rendered by hypotheses in the nfbther science, and some 
special to itself. The groat biological fact—Assimilation-^ ‘ 
takes on a new aspect in the production and spread of Disease. 

The first and simplest case of Hypothesis, the assuming of 
an agent known to exist,Jbnt nol«l<nown asf present in ade¬ 
quate amount in the given case, is abundantly exemplified.^ 
Thus, the origin of contagious-disease is ascribed iiypothetiy 
cally to Various real agewts, aftd among others, to ^actual 
living organisms. The effects tally in a general way with 
such an agency, ^hat remains is to find whether they tally * 
closely at? all. points. The hypothesis, ho^vever, •receives a 
powerful support frera individual ci},pes where the presence of 
an animalcule, or living germ, appears to ‘be actually estab¬ 
lished. The alternative, afcd older, hypothesiskis that organic* 
particles, in*a state of cb^flge owactivity, are thrcuwn off from 
one living body lyuf infect anoiber, such particles not beyig 
cornplctejjrganismsitfr the germs of organisms. Thjs hypo¬ 
thesis may seem to assumi kess^tlian the other, 4)at In reality 
ittftsnSies a cla5s of particles not distinctly proved tp exist. 

A strong analogy may be pleaded for them, in the supposed 
communicatiof^ of morbid actioq^within the system ; ttfe^actiou 
of the poison of small pox fnust be‘the* same on the blJJld 
of the inngculated patient as on the original patient. • ^et th^ 
aerial efenvfa- of typhus may consist of something more 
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definitely organized than the supposed activo' particles. Per- 
nentation Ijy yeast is found to be dueHto an animalcule. 

The Bepresentative< Fiction is indispensable ip Medicine, 
audeit<e rules and^properties need to bcowell understood. 

Diseased appearances, lik) all mftnifestationS of living bodies, • 
ara^the superficial putco&ie of a vast concateiiption of hidden 
■changes. These intermediate 'links are in grefdi pai t unkno.w* ' * 
ablp; yet, by following the clue gf what we know, we ikiay so • [ 
'fconceive or imagine them, as therebydio unite the appearances 
irv a consistent whole. When an orgku is liable''to derange- ' 
mentfrom slight abuses, we pr« nonnce itwea/i-, which is merely* 

‘•to expres* the faat in another word; when, however, we assign 
such circumstances as ^that its tissue has degenerated or 
rchanged, that it has very little tendency to assimilate nutri • 

, jraott.t'ii’om the blood, or that the superior exercise of all the 
vOtlu3V organs of the body wathholds Srom it the fair amount oP 
blood, and nerve force,—wo employ convenient hypotheses, 
which are more or less in kgepmg with the facts. 

As,regards thb two leading diseased processes—Fevel*, and 
in4aramatJon—probablyiKO hypotliesis^yet framed adds any- *, 
thing to the facility of Conceiving or of generalizing the faciei! 
Suppqping the different fevers generated each by a specific ^ 
virus, or, animated body, we cannot even in imagination sup¬ 
pose a connexion between the structure of the infecting 
element, and the iipecific oharacteristios of the fever; as in tlro*^ 
■difference betweeij^typhus, scarlet fsvor, or intermittent fever. 
|nd6e(J. Vf^ cannot form a plausible supposition as to the 
iviermedlate link that connects a certain infecting substivnce 
, with the febrile state generally. The difficulty here is exactly 
♦the,^ifficulty in representing the facts of living action. 

Hypothesis appears cto more advantage in connexion with 
whatjs termed Functional Dege^erat’on, Functional weaknessS 
strength and wealctitfss of parts. Great convenience attaches • 
*to the use of such phrases as healjliimess, robustness, vigour, 
eon^titutipEHil force—which Lre miiclhs of stating the absence 
cfdisease-under circumstances that usually provoke it. We 
may iuoreaso the vakte of tl^is class of ferms, by hypothetical 
iirterpolationif, to the following effect ; — 

Assuming an average healthy system to begin w:th,*^e 
know by reasonable icfereitpes, (1) that every one of the organs 
n^ds^n equable supply of blppd, with more or. loss aid from 
nervous centres, aiid*(2) that each orghn is capable of a (jjBr- 
iain amount of e^ertiun. Suppose now; that- by apy cause, 
cither the nutrition-is below the mar^k, or tlio eSertion above 
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it, or bofh. it^^the naturo*of th« sj&tem not to show ini- 
’ tnediately the t fleets of »uch a mal-propoi tion, } 0 t«tljero mus^ 
be an imniodiate e^Pectf ilio overwork,^r the defective nutri¬ 
tion, of a’siiigle day doos^»ot leave the organ ^actly’ji^it, was; 

> we £^re entit^d ta assume tbitt tber^ is superinduced a nii^u’te 
i structura*i chanf®*or degeneration, pejcoptiblo only after nifyiy 
i repetitious^ but^EctoalW realized?* Suppose the disprop^ion . 
^of exp«ndituio*and supply to continjje fora length of twne; 

^ th% first outward gypiptopjps ^ill probably be, that the orga^ is« 
^enfeebled in«some dutj^ that is required of it, and becomes 
* f)Ositively disorderqjd under inflqpnces that, in its regular coil- 
'dition, it would have successfully Tetisted. ^ At^ tlys point,, 
1 degeneration or strjjctural change has jnade a decided ad- * 
: vance ; another equal advance would tring down the org^n to^ 
the bare perfoitnance of its functions; a third wogld be*utter 
fiPUspension and death. *Now, wg have here scope f»r 
great variety of suppositions, as to the relative condifSoh 
of all the organs in tlip bo;Jy. .Wo can represent-the con’stitu-’ 
tfbiial*J)eculiaritieb at birth, by the*proportioMate dispositions 
of the several organs—nerves, musc^e^, lung#, dige^iofi-*^ 
fljj^ropriate nutriment, and to become vigorous or*tho oppo¬ 
site ; wo can state to wirselves the practical mode of redressii»g ' 
the inequality, namely, by restraining the vigorous organS from 
their tendency to impoverish the rest, and by giving* greater 
"T^portuiy ty to the nourishment of ft^e weak. o can also state 
the rationale of tho constitulional treatment, of diseases, viz.,* 
the placing of the weakened organs in such** a position ag.tq 
increase tlTeir nutriment aad abate their over-exertion.* W# 
can give a hypothetical account o^ the degeneration of flr- 
gans buch* as ihe^heart and kidney, which often show no * 

E until the.^ructure has reached moi%al disease. *We 
d, m^ireover, feel no i^urprise at the sudden breaking down 
of coiystitutions reputed strong*; the popuku! eye sees only tho 
prosperity of- those orgarfsrthat cast a dash aqd a glare—the • 
muscles, tfidstomacb* ant we b^in. The deeper,glance idis- 
closes the degene^ac^. of the b/eart, tho lungs, th% kidney, 
following-an tho ver|ii%treugth of these o§tentatious members 
of the system. 


Glamjuiatian of Diseases. 

19. There being *upw'ards ‘^f one thousand recoenia^ 
Diseases^ .they ingy, like other great agjgregetQs, coin5* 
under a .refjular Glassification 
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DiseRSGS may fall under a 'classified a^raugemLiiti, like 
jytinerals, Plants, or Animals, attention being given to the^ 
pec’uliaritip's of the def^rtnient. , 

Or^er of Oifaracters .—In Mine?:alogy, and in Botany, a 
strict order oC characters ifi ohsotved.f Thisds disregarded in 
Zooiogy, and also^in M^idicine, from difficultlea that can be 
• really assigned. There is*^ every likelihoou, however, ihat 
bo^n sciences would gaip by a systematic arrangement of obar- 
-acters, avoiding the sacrifice of tne qitirit to, the letter. • * 
^ In a‘work to be afterwards referreu to (p. 367),‘the remark 
is made ‘ that the labour of analyzing and comparing clinical 
observations wo^ild be *greatly lightened, and the precision of 
the observations themselves increased, if^^the records of these 
3 were in every instance arranged on an uniform plan* 

^ Qaa obvk'us precaution is to make the out^.'ard symptoms 
prejLejjie the subjective, l^hns, of tb© usual marks of inflanv 
. matiqn, the pain should come last. In nervous diseases, the 
physical symptoms should be fiilly ^numerated before entering 
upon thp mental‘«ymptoms‘; the two classes are then vie-^ved in 
auch a way as to check frnd confinji each other. 

II. Maximum of A^nities. — The*^ propriety of classir^ 
Diseases by their closest resemblances \a sufficiently allowed 
in the abstract; the difficulties in execution are hot logical, 
but pathological. 

, III. Arrang^oni hy Qt^des .—The formality of Grades-ir 
observed in the clfissification of D'lseases, but without the full 
rfji»iYying»out of what it involves. There is something of lax¬ 
ness attending the use of the method even in Chemistry^ the 
statement of the points cpf community of the higher grades 
being sometimes given, and sometimes not., without any 
apparent Treason.* ^ ^ 

Occasionally there is ^vacillation ^ to ♦whether diseases ajo 
diflerent in species, or mere varieties. Little impo^rtance 
attaches to the question; and thi^ workable criterion is the 
coiftpar^iva number and pe^sistemjt.of the dist^ctive marks. 

• IV. ^atement hy Agreenvint and Difference .—Everything 
all'eady said on this head applies to the ^position of Diseases. 
The sy^emdtio and orderly statipg of Agreements, and the 
pointed contrast in Difference, have the same efficacy here as 
.elsewhere. Under the heading ‘Diagnosis,’ it is usual to 
mention the closely.resemb^pg diseaW, and to indicate the 
tfiiagnostio marks. For example, Ro&eola is distinguished 
.from^Searlet Sever, thusthe eruptio^ in Roseola is gene¬ 
rally confined to the chest. TVhen the diagnostio.pointe are 
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two or*nLorOi iKey might Be set •forth in. the formal* manner 
already exemplified. 

20. y. Index^Glasd^aiion .—Fof Medicine,-an Index 
Classification might ^ pv«vide(^ on the t^ular jdhn*. • • 

l'his*aid t(fi 6 he discrimination ofi Disep.se is still wanting.* 
I^robablyf it vjonld bfe best attempted, i|^ the first instate, on 
the tSbnlar plan. • TA. basis is affor(ied in a small work, pnb- 
fished by^the Medical*^ociety of Observation, with the title 
* What to Observe in Medical Oases.’ * * ^ 

The work professes to lay o«t in order an exhaustive state- . 
ment of all the appearances connedted with tach*bodily organs* 
besides adverting ^ the external circumstances of the patient! 
The enumeration commences with the Skin, which is foliowe^ 
by the organ^ of Locomotion,•Digestion, Respiration, Oirpn|p-^ 
'tion, Lymphatics, Urinary Organs,Drgans of Goneratio^j^Craiqi 
and Nerves, Vascular Glands. 

As an example, I‘quote thrfvayetiea of the Puho‘-Badia/ 
*PalsT: —number;—size and force; large, smtfll, thready,^equal, 
unequal, strong, feeWe ;-^resistance; * 8 oft, cAnpreasible,* nofd, 
►incompressible ;—rhytnm ; regular, irregular, mtBrmittent;—• 
nme as compared wil^ that 0 f heart’s impulse;—artofy tortuaus^ 
rigid.—Special characters of pulse; jerking, bounding,«indula- 
tory, continuous (one pulse appearing to run into the following), 
vibrating, quick, tardy, vermicular, tromuli^s, reduplicate.— 
^Effects ®f posture on puls« (its nuntber and OTber cbaracters).-*-- 
Phenomena of pulse in one arm as compared«^th the other.’ 

The authors havo evidently studied exhauf^ivqpeSS 
begin with. It is possible, however, to be too minqte; 
distiuctiojis tbatjare not marks of Anything else are worthless 
and may be an# encnmbranco. The nmet step, ther^ore, 
«hoald be to nbrifl^e and group the ^mptoms with a view to 
’ the maximum of siynified^ice. • • 

There being obtained a methodical* array of symptomg 
under each’ organ, the jpgfpde of proceeding it^ith a view to an ' 
Index is fti appenfi to each ^mptom a list of* the diseases 
where iL occurs! Should a Symptom appear in only ^“one 
disease (as urate of*Boda in gout^ the occurrence oi^fae symip- 
to|n would deqide the dfteaso* at once. Should a symptbm , 
appeal in three diseases, its occurrence points to one <of those 
throe diseases. • * * •* • • 

By appending,, to every ^ytfptom of«valae in diagnosjg) a 
complete list of diseases, there is provided a means of de%^ 
mining.eve|y’diseBfee according to the knowledge of the tin*.# 
One syniptom refers ns .to one list, containinar two. three., or 
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four diseases ; a second symptom niads to anow^er list.** If ov 
*dqpiparison, libero is foand only one disease common to the 
^two fists, diagnosis if complete, tfVher^are two or three 
comn^on tQ both Istts, a third sympt^ mast bo *songht oat 
with eta corresponding •entr^s» byVhi^ the a4terifhtions are 
*agai|L reduced ; and^so oiii till the concurrence^of syiftptotns 
.point^o a ^ngle disease. 

Sijppose, for illastratiqp, that * Irregularity of the Bulse * 
appears as symptom. According to <Dr. ^iTatson, this may 
attend (1) disease withfn the head ; (2^organic dia^se of the 
• heart; (3) simple disorder of the stomach; (4) debility, and 
*a pivludo to stoppage of*the heart’s action from asthenia. 

* Now supposing the j;abjilation of symptqps and of diseases 
qpmplete upon this plan, and supposing a second symptom in 
(;n »3 undv enquiry had opposite to it a list, agreeing with 
4 j ae fifsj only in the entry simple djisorder of the stomach/, 
the diagnosis is made ont by two easy references. 

Owing to obvious causes—-the gi’eat,number of diseases 
accompuqying particular symptoms, the occasional ambiguity 
ofrfictual dreeaset by thci^ilare of spine of their usual symp- 
*tonis, and the imperfeefisn of the terminology of symptoms,—| 
*th<J best scheme that could be given would be imperfe^. 
This wonjd not, however, prevent it from being a boon to the 
student, and an occasional aid to the experienced practitioner. 
It docs not sujiwsede, bp^ indicates, the reference to the. 
By’stematio works op Medicine and^ Pathologj, which* arc the 
ftiitherijie9»iu the fast resort. ■ • 
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ILL’S OLASSmOATION OP PALLACIIE8.» 


regards S.11 fallacies as divisible into two great 
heads—Fallacies of Simple Inspection, and Fayacies of IvFiR- 
]|;iCE. By the first class Bo understaj^s those oassh where a 
prteumption is created in favour of a fact or doctrine, on the 
mere inspection of it, and \^ithout any search for evidence; 
natural prejudices are comprised under that head. • By the 
''.econd class he understands errotmoua conditions from sup* 
posed evidence. This class is subdivided ahoording to the* 
nature of the evidence simulate^ ; which may be deductive, 
inductive, ^c. A special division is indicated undef the 
‘ Fallacies of Confusion,’ ^^here the error arises, not in tj^e 
link between preyiises and conclusfon, but in the incorrect 
handling of the premises themselves. • ^ 

'^*There are thni fiVe distingaisliable cBiSBes*of Fallacy, as set 
forth in the table :— 


o! Simple luBpectioa l.Vallaoiea ajmori. 

fMm I 0*“'^" 

, mstinctly ^8. VoUsoieiof Gftianlintioa 

• 4 

I from evidenoer 

I indistmctly / 6. Fallaoiesof Coofhsion 

,of Inference,/ V ' 

L FaUaMei of Simple Inspiat^, or -a priori FaUaeie8.~^Biii>^ 
Training frqna the dispnssion of the question, w^ich this ^esig*/ 
nation mfght^ise, what are the ultimate &cts or premises at 

.24 
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the foundation of all reasoning!*,* ^r. Mill »4duces ^rst ihe 
Vicit asautn^don that the same order qbtains'amoQg the object^ 
of nature iis among ounideas of them-r-that^f we ^klways uiink 
of tyro Abings taj^^ethoi’, the two thi*gy ^lust exist together. 
He j^lustral^es Jihis tendency^bjr iluulerojis popili^ir superstitions, 
as Atalk of the dev^ and«he will appeal*,’ <fcc.**Sle alsb cites— 
.ftfle ^iloho'bhy of De|cartes, ^lich, front the ilyare oouceptions 
of ^ mind, inferred th^existence of cori^ponding realities;, 
•the doctrines that ‘ whatever is inccjllceivaljle is false,’ ‘ that 
a^thing*cannot act where it is not* fapplied bj^Wewton to 
show the necessity of a gravitating medium), that ‘ mattei* 
»caunot tUinlf,’ tfeat ‘ spsicfl is infinite,’ that * nothing can be 
made out of nothing,^ thy,t ‘nature alway^acts by the simplest 
iinea»8.’ An allied Fallacy, or prejudice, is the tendency to 
(ircsutne a vorrespondeiice between the laws o^ the mind and 
the ta^s of external things, of whith one form is expressed 
.thus ;—‘ whatever can be thought of apart exists apart.* 
From this springs the personifying qr re-ifying of Abstractions, 
as in, the doctnife of Realism, and in mystical theories* gene¬ 
rally, whrthor ft be th®mysticism ef tl^e Vedas, or the mysti¬ 
cism of Hegel; all \s^ich proceeds on ascribing objectivu 
eiistepce to subjective creations—♦teolin^s, or ideas. 

Anotljer kindred fallacy consists in representing nature as 
under the same incapacity with our powers of thought ; the 
great example ^l^bing tha lielobratod Principle of ^uffioienl 
Reason, adduced Jip. explanation or many first truths, such as 
die a ftf motion. *• 

‘ That the difterences in rfature correspond to the received 
distinctions of language,’»is another wide spread and baneful 
prejudice, which |jarticnlarly weighed npoi^ Greek philosophy, 
being proihinent ta thotreasonings of Aiistotle, and from which 
Bacon was unable to set Jiiimself free, as is shown by his fntila 
attempts to find aicommon cause for everything tha^- goes 
‘ under a common name, as heat, cold, Ac. 

Hastly^ there has existed tl e prejudice .that * the conditions 
of. a phenomenon will resemble the phenomenon ’—like pro¬ 
ducing, like: as that motion must nec^!:,f:arily arise from the 
impact or a Aoving body; that a rharp taste must be brought 
about by sharp particles ; that our seusatioiis must be copies 
of external things; that^the law of causality can hold only 
botwQen what is honiogeneon'j, whence there c^u be no causa, 
tion between mind and matter; that the Deity must have the 
'axaot ^perfections discoverable in nature.. 

. JI. iciUacids of These do noh ^ppfy to* the 
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operation of ot)sarviDg^ for which* there is no logjo ^triotly so* 
called, but to the omissions and partialities in collecting ladts • 
with a .vie^ to tHe gmigraltzing process, 'l^ere rAsy be Non* 
observatioa, or JMat-obServjftionj the ope loaves one per^nent 
instances, the4^her dialorts or misr^resents whatls observed.* 
Nen-obsepvation ez{^ains the«erodit givdti to foqtnne^ftc?^, 
to qapeks, anti to /also maxims; the Oases favoarableNoeing' 
voted, and the other fcv^gotleu. The motive in this olaJs qf 
fallacies iflp. strdng pie*conceived opinion or wish to find the 
dictum true. Farther, the Non-observation may be, not* of ^ 
instances, but of hnatena? ciroumstanffeSf as when it is stated* 
that lavish expenditure alone encourages industry, tlie'circum-* 
stances being overlooked that savingl are capital f^r the 
employment qf labour. , 

^ Under Mal-observatiop may be placed the ^ief mistake, 
connected with the proper act of *observing, namely, ^b© con¬ 
founding of a perception with % rapid inference, or the mingling 
jip o4 inferences witli facts. Thte is the common infirmity of 
uneducated witnesses and narrators ^ events. . ’ * • 

^ III. Fallacies of G%MeraZiaatioa.~ffheso are .ertors in ftie#, 
employment of the JLiidnc^ive process. The chief instaiuies* 
addneed are those:—All inferences extended to remote parts 
of the universe, where no observation or vorificatibn can be 
carried; all universal negatives! and prov^itions a8*%erfin^ 
impossibility (not being cflntradictions in terms) ; the theories 
professing to resolve all things mto some orf© element, of qfjjiich 
the most* notable instancp is tne attempt to resolve Aates*ef 
coiTsciousness into states of tho nepvous system; the placing 
of empirical laws^larrived at per enumerationem aimplicPAa^ upon* 
the footing of lav^ of causation, largely exli^uplified in. ressun- 
‘Jbgs upon BociSty; ,the vulgar form of the same fallacy, desig¬ 
nated poet hoCf ergo propter hSc ; aifd thq fprtile class of* Falsa 
Anafogies. Under the same head are spccifiejl Bad Classifica# , 
tions, or the asserting p/ldor oijp term, things tbfit havedittle 
or no comihunity; of ^sliich the, Greeks gave examples in such ' 
terms as Motion, ‘Gqaeration and Corrujjjbion. ^ • • 

r^FaUcoiiee of aoMocinc^ion.* These compaise ^lie errors 
agvii^st the laws of the SyTlogi^. Mr. Mill, however, properly 
includes under them tbe^ fallacies connected with the Conver- 
•ion and Eqnipollenoj^ of Pro^osftions^; remarking %hat the 
simple coHverbion o^tbe nnivefsal affirm&tive, and the Srrono- 
oifs conversion of £^othetioals are among tpe most freqnei|,# 
soorces evror. pr this last class, is the maintenance of some ’ 
favourite, doctrine, on thb (g’oand that the inferences from’‘it 
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bre ti ne. .O^ariectcd with tlie Opposition of'Propositions is 
tho o<)nfona(l!ing of the contrary with' the contradictory of a 
fltatemenj. * Vici(^as sj^logisms, wh^her ffom undistributed 
midd^t or*from illicit process^ a.rQ,t^^ mtfre'noted instances of 
“this class of fallacies. Tljjire may be afeo included the fellaoy 
Qi’\na'm)ing ihe premises, occurring frequently iir the argument- 
ative^iscoursea of unpreciae thinkers (the jschoulmen’s a dicta 
secufidum quid ad dictum simplicikr) ; ^exemplified in the onc^ 
favourite theory that ^ whatever briifg,! in money enriches.’ 
Udder tho same head might be placed the misapplication of 
•general trutlw, or the supposition that a principle true in the 
lEibsfract'must holcl under all sets of circumstances. 

^ V. fallacies of Oonjusibn. Tho first claSs under this desig- 
natioucis Amhiguity of Terms, As there is nOf limit to that 
ifoVmtof confusion, a logician can only select a few random 
instances ; those chosen by*Mr. Mill are ‘ scarcity of money,’ 
‘ influence of property,’theory, ‘ the church,’ the ‘ laudable^ 
in a Stoical argument in Cicfero’s Be 'PiniSus, * I * in Descartes’ 
argfnflenl for tlic bein^of God, ‘necessity,’ ‘same,’ ‘force,’ 
t ‘ infinite,* * rightto vvluch he adds examples of the fallacy^ 
»of£)omposition and Division, as strictly Ijelonging to tho saiae 
class. • 

The sficond division is Petitio Princlpli, otherwise called 
‘ arguing in a cii^e,’ of whi^h there are abundant examples. 
A certain species of terms received from Bentham the desig- 
n£>fiQn ‘ qgestion-b&ggiug appejllatives,’ because they begged a 
questidb under the guise of stating ijb; such is the word ‘ Inno¬ 
vation.’ Plato, in tho Sqpliistes, has an argument to pfove 
’that things may exist that are incorpore^vl, hecapse justice 
and*wisdosi are i/lcorppreal, and they mdst be something: 
thereby begging the question that justipe ah'd wisdom aie 
things existing apqr^or ifi theiLselves. One of the most r. * 
•markable examples of fallacy is furnished by tho political 
tlieoi'y of Ifpbbes and Bouss^u, krogvn as the theory of the 
‘ social compact.’ We are sypposed'^ Sound by fne promise 
etiwred^into by our |kncestors before sc^yefy was called into 
e^istened^ but there is no sfich ^ing as an obligatory promise 
until society has first been fortned.*’ 

The \hird class of Fallacies qf Confusion is tho Ignoratio 
mmchi* It is exemphfied’in most of the repliei? to the popu¬ 
lation doctrines of Mai thus. "A Ltill mo^e sigxial instance is 
‘the stwk argument against Berkeley’s doctrine of the non¬ 
existence ot matter^; Johnson’s kicking tl\e stouf not. tho 

Doint-viunied in ihn idonl f.liAnin- 
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POSITION OF BALLAOIES. 

• ‘Thebsetting'apart of a distinct oh^ptlr to the considefetion 
df the errors against the^]av\f^ of reasoning and evidence sSemfi 
at fii;st sigLb an incon^’uous proceeding. Wo cannot’separate 
a law from its violations ; the qpe implicates the other. WBen 
good reasoning is exhibited, there must exlfibyned at^ th^ 
same time the coresponding bad reaacjping. If the* rule be 
given that the middle term of a syllogism must be distr^utei^ 
once, whoevei' understands tjie rale must coi^eive,«at the 
isame time, cases of its fulfilment, and cases of its nqpefalfiU 
ment. If the method of Difference requires that the instances 
compared shall coincide jn eiiery particular save one, wo are 
•instructed by it that the method fails if any* two instances do 
not coincide to this e^tei^^. If a gqq(l classification inv^lfes 
►identity on one or more points of importance, the^b is implied' 
in the same statement that^ grouping under one name, with** 
out any important community, is a bad classificalioii, a 
‘ fallacy ’ of classification. 

Any one would recognize tlie Al)^urdity off a grammar that 
would reserve for a chapter at the end all the examples of 
grammatical errors. Yet sucbiis apparenffy the plan uu»invd 
in^Logid? The grammarian, indeed, frequently provides "a 
separate collection of errors by w%y of practice to the pil|>il{ 
but theses axi a^yiitional to what necessarily and properly 
, jeeur under t]^p rules that they sevejally Violate f this, Tiow- 
•ever, is not avowed by the logicyin as the nature of his 
chapter on Fallacies. • . 

Without entirely exonerating'works on,Logic from th« 
incODsisteqpy of diatrpijTttng between two departments 9f the 
subject the fulfilqiLeflt and the violation of the sam% rales,, we 
can as^gn certain gifoamstances that aqcount for the pretail- 
iug usage. The main ciijpivnsjlance is the narfowiYess of the 
fi^d oT logical precepts, from Aristotle down to the present 
generation. The part ,of seasonhig reduced to rules was 
almost excltfsively restricted Ihe syllogistic or (fe^luctive 
d^mrtmehts; hence) in the Exemplification of those rules, no 
errors copld come light except sneh as v^lated .thp forial 
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of syllogism, flat the dreeks had eufve^ed human knowledge 
wide enough lo bo awaro that many, errors passed current, 
tlTat conld net be reduced to errors of ivllogism. The logician, 
therefore, v^as dri^n to* one of two qjternafives—*to .make no 
all us Jon id some of tlie^most^notorfujus ffedlifigs^and ^uistakes of 
tho j^Uinan hnderstandin^ or to providf# a oha^frir for onumer- 
a.ting^oh •mistakdfe entirely •apart fronj the body of logi'sal 
tiieos^ It was characteristic of Aristotle t© chobso tlie second 
%Itcfnative—to be incons’lstent rathercthan’to be incomplete 
His treatise on Fallacies comprises e^sDrs ‘against *the Syllo- 
gii?rn, wliich he could not omit noticing under the Syllogism 
^Undistributiid Middle, piiait Process); buf these are a small 
^arf of* tile masd of Fallacies; and the rest he had not 
^ny Ijjieory for. Bfe'hafl no Inductive liogio (or only mere 
traces jvhich his followers wiped away), and thf»rofore he had 
,nd place for ftie exhibition of tfie rules sinned against by yost 
/lor, ergo propter hoc. For want of a thorough-going discussion 
of the department of Olassilicj^^ion and Definition, he could 
not exhibit tho eiyors connected witfi general language rnder 
precepts 'for the classifying of things and the defining of 


• It has been seen, however, thaji ovou^the thorough-goiig 
Lt)i>io df Mr. Mill does not dispense with a ‘ Book’ on Fallacies, 
'fhis is Explained in part, but only in part, by the author’s 
adhering to the of alliformer logicians, while using bis 
o*wn extended system to re-arrange*the recognized examples, 
fta<i«to iii4roduce*^iew ones.. Yet all the fallacies in the 
8%cond,*third, and fourth classes (Observation, Gene*’alization, 
Ratiocination) might vvith^ the utmost propriety be absorbed 
intb the body of the work. The account offhe-inductive and 
dedtJcUve procesB<^ unavoidably quotes derelictions from the 
sound performance of ttiose processes, wliich 'derelictions are 
identical with the .f^llacifis treated of under the heads just 
earned. • • 

The case ^ different with Mr. Mitj’s first and last classes 
(Siinple Inspection and Oonfusion). •'Vho chaptofs on these 
heads contain mattej^ that would not rj^dlly find a place in 
thp .systeAatie exposition of tho Ipgical methods. To take the 
first class, Fallacies of Simple Inspection, or a priori, Und^r 
these, ^ file author dilates on certain fallacious tendencies of 
the mind, the generating causes of orVots. Now, the logician 
might say that his business ifi to show How errors* are to be 
Recked and cor|jpcted, not how,they arise in the impei-fections 
of the human constitution. If he is to handle this Subieett he 
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cuajd not witli, propriety naRe ^t ap in the aetaik ot the 
'Deductive aiuf Inductive Methods; he would ii^d to be 
aflowed a corner i^art. ,*The demand m irresistible. It woul^ 
be most* iceipedlent to estate, under the S^lo^ism, .under 
the Experifnental !Slot^od^*eeqpjfies q,^ to the I'lllaciousl^ten- 
dexfties^f theibatural mind. Granl^ng that alf the dedac;|>iye 
an6 inductive ftillacioP} and th9*mi8take8 of olassificatifn and 
ddfinit^on, were tajaen up into the main body of the work| the 
fallacies a priori^ i/ inoludefl at all, must receive a sepatat^ 
handling. *^omd donitS might be raised as to the logician’s 
title or obligation to enter upoj^ the subject, but there coifid 
be none as to his ifllocating a distinct chapter to the cpnsidera-, 
tionofit. ^ ^ ^ • 

Socrates was the first person to urge strongly the u;^tara^ 
corruption of*the human in^llect, and the ue^ of a very 
iSevere remedial discipline, which^ in the shape of p^nsonal, 
cross-examination, he was wont to apply to his fellow Athen¬ 
ians. The theme ^as ^ot again taken up in a vigorous 
tuauiier, until Bacon composed the first boek of the Novum 
Organura. The elucidai^n of the j^pvitabld miscarriugd^ of 
•tbe untutored uudersfauding, hdelleckia sihi permisSus, and the 
cfiissification of idolff, —faljjp lures, in that renowned woirk,< 
instead of being laid to heart and followed up by frbsb ex¬ 
amples, became a matter of mere parrot repetition. The next 
person to treat the subject independently, aii<J to go systemati¬ 
cally over the ground, wjTs Mr. Mill, in his chapter entitled 
* Fallacies a priori.’ So irapoiibaut is the s'nbject, tftnd 
far is it cKstinct from the^proper field of Logic, that ft migift 
be embodied in separate treatises., It* is a kind of homiljf or 
preaching!) a ibnsfng address on human frailty ; and although' 
.the logician is j.ha person most likely be Vnpi'e.ssed with the 
•evil consequences, he is ^ot tbe onl^ person qualified to illus¬ 
trate them ; while the points^o be adduced in. the expdsition 
are not precisely sneh a^ tall undeV either the deductive or th9 
inductive* Ipgic. , 

Mill’s concludipgbeacl ‘ Fallepies of Confusion,' still remains 
eaetra-Wgical. The gitension of the field of logic does npt enable 
this class to be absorbed. .They cannot be adduced fA violati/ig 
inductive, any more than deductive precepts. In reality, they 
are owing to tbe defecti^^e acquaintance with the subjecl matter 
of the reasonings, and to a low prder of.intellectual cifltivation 
generally? rather than to miliappreheadiDg logical method. A 
cdnsiderable 9 tretqji of the logician’s province is implied ifl. 
the taking tip of this class of errors. T.he ground that they 
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cover id boundless and indefinable; no mao*can foreshadow 
the intricacies, the incoherences, the perplexities, the entanglp- 
treats, posable to tbp hnman nnderstai^ding., The only 
circnnjs^nce that'justifies the attempt to* handle thbin syste- 
raatjjally'is the groat, freqBoncJy of aciew leading forms ^ in 
consequence of which they can be, td somd'dxtent,^'treated 
QomprtShensively. *Mr. MillV three classes ei<:amples-- 
Ambiguous Terms, Petiti,o Principii, Ignottitio Elenchi- -have 
this* character of extensive recurrepbe. Moreov^fr, in the 
elucidation of such cladfees, there come t8 view manj prominent 
an^ practical errors, thus opportunely laid h.are. 

, From coqsideratioifS, it follows that the most defensible 
course to be pursued ip. regard to Fallacies is to absorb into 
n^p,in work all those that are the direct violation of logical 
precc{]^s ; and to handle, in the. chapters apart, the Fallacious 
.tendencies or the human mi/id, and the Fallacies of Confusion. 
This is not to debar the assembling of additional examples in 
a supplement or appendix; it being understood that these are 
merely in continuation of the examples already furnished in 
thp begnlau oourte. 


•• CHAPTER m. 

•• 

.* *I'AL,L\CI0US TBNOljjJCIBS OP THE MIJTD. 

• • 

* The Fallacious tendencies of the mind may^e traced throngh 
an cMimeriCbion of,,the sources of Belief. ^ 

The state of Belief is a form or mauifGstt|,tion of onr activity.' 
The import and measure df Beli6f is ^e readiness to act in the 
direction indicated l^y the thing believed. A mau’s belief in 
the ^olesoi^eness of a regmen is sh^n by his energy and 
persistencQvin*adhering to it ^ 

•There are three distinct sources of belief. ‘ 1. The inherent 
Activity‘oC the System—^the disposition to'act through mere 
rodhtaneons vigour. II. Tile in^uence of the Feelinga, 
Emotiofis, or Passions. IIL The,Intellectual Associations, or 
aCqaired^trains of thought. * Excepting hnder the last head, 
there nothing to gifaraptee sifuiAhiess of belief, or the accord¬ 
ance of the thing believed with the realitv. 

• • • € • “ I 
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I. InkefenU Activity of t)ie System.^ 

From jihtfsponflbneoiA inhereutmrigoar of tn# system, we' 

are inducmi to act ^om^ow', to change on^^f the passive into 
thft active c«^ditiou,^ad*to*o(3iftiQUGPthat aotiviJby while the^ 
energies are u§exhausted, and^jl^hili there is freedom ^om ob¬ 
struction! There js*no enquiry beforeJ;iand as t(f the proper 
ponrse or directidh to i|pt i%; opposition is not presumea^until 
actually eaeounteifed. A el way now oppn is supposed^to be rf- 
wa^h open* the mind duos not anticipate any future termination 
or obstacle. Blifid couiidonc^is the primitive attitude of our* 
mind. It is only through the teachfag of eKperieae^ that we 
suppose any limit4o our career of action. * 

This state ^f mind shows itself in our early beliefs,•whieh 
may be described generally as over-vanltiug ; ias prihuming 
that what holds now anfl here, wtli hold then and thefe and 
evetywherc. The following are instances ;— 

are disposed asftiiint? ilitfct, as we feel at the present 
moment, wo shall feel always. After a bertain nuipilp^ of 
checks, the teudenc)%is ^mowhat wAtrainoa, biit^it continaes 
•cry strong all through early life, and is Seldom entire!^* 
conquered at any a^o. * , * 

\Vo begin life by reckoning with the utmost continence that 
other persons feel exactly as we^o. After ][j3ngtheued experi¬ 
ence, this primitive tendency is* greatly*Fabdaod, although 
perhaps in few minds is it fully sobered dpwu to the meijisure* 
of the aptnal facts. The corfsequencea are shoWb ii^ oW Hiot 
avowing for differences bf character„in our inability oven to 
conceive of typ^ departing widelj^ from ourselves. Witlioijt 
being tlio sole origin of intolerance, tlqs tendency greatly 
ministers to'tJliaf prevailing vice of mankibd. We can with* 
difficulty avoid judging all ^en, ki all circumstances,, by the 
stahdard suited to oursielves and^our oWn'circutnstances. 

From* one or a few instances we are ready to infer a laV 
applicabl6 withoaf,li|k]St. Th#mere infant paruftigs the^nduc-, 
five process ; tffie jnost igncA’aut of hnmau beings are the 
most unrestrained generalizers* Front an ac^ua^tauce* with 
one pr two Frpnohmen, Itifliass, or Russians, we conclude the 
(maracters of the entire nation. We feel assured that a 
remedy foimd to answer id apavlicular case will aqswer uni- 
versallyw Happening to ^p^kpa place^dnring fine weather, we 
are led to suppose that the weatnef there is always tine. The 
word .* al^aj'S ’ id a familiar’expletive to v^t our gecieraliaing^ 
temper. 
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We pvesume that the state of things familiac^to us, <pi*evails 
3 verywl>ei;e.c -Not only are we indisposed of ourselves to 
ifiticipate atid conceiv^ different arr%,ngen^ijts, natural and 
social,, but we hc^ld out against the wery^existence of such. 
The Iting of Siam’s en^getij? repudiation of ice was a genuine 
display of the natural ma^, ' ' 

. witlfout cfnaking '"formal gOftaralizatioBS up6n a single m- 
stanae, we are disposed to outrun our facts, to exie^ the 
present into the distant and the'futuie. It is always more 
congenial to make leaps iix the dark, thUn to abide strictly by 
wlfat we actually know. We l,>ave no sympathy with any one 
■ proposing^ to costrain gravilition to the solar system, where it 
can bo proved to operate; our natural desire is to extend it 
e^veryjyhere, with or without positive evidence. 

To vjlentify, to assimilate, to, generalize, confctitute one of 
jthfe twp great functions of science^ Yet there is often a 
necessity for restraining the too great ardour for these pro¬ 
cesses.' We identify and assimilate, without real likeness, 
thus giving birth to bad analogies, and irrelevant comparisons; 
wq Lvbr-assirailate and pver-generalize. We rush blindly on 
the search dftcr Unity, S'mplioity, Fraternity. ' 

' It is a result of the primeval terdency<to follow out a lead 
to unbounded lengths, that we so strongly assert the Law of 
Causation, irrespective of the facts tha' have gradually estab¬ 
lished its certainty We hqve a subjective assurance that bears 
no proportion to the objective proofs.' We shall never be in a 
posiJiii>n to <assert the law, by the force of legitimate evidence, 
with th^ confidence that we feel respecting it. ' 

That human nature is the same in all ages is affirmed, nut 
IVom^a careful examination of the records of *thd'human race, 
but llocause the afllrmer has not laid himself in the way of 
checks to the natural tendency to reason from the near to tbe 
distant. Tlio doctrine is more bhhoven to ignorance than to 
haaowledge. ‘ ^ 

The most j'f Mr Mill's Falliacics v!>f-^^imple Inspection are 
referable to^ the tendency now discassea. That ‘ we should 
make our thoughts tl^e measure of thingV which is done in 
80 many cAiebivited speculatidns, Is the result of the inherent 
•pushiug activity of tlie S 3 '^stem,‘’the determination to prbceod 
in a cour.se once entered on, until a pheck is met with, and 
even in s^ite of a good naany checks. ‘ That the’conceivable 
is necessarily true,* add Vtbe iiicdhceivable necessarfly false ' 
aie merely*.varioug expi*essioDs of. the same fact. 

The supposition that ‘the effect resemble? the Cause/ thidi 
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* like pindnoes^ljke * also g#bws o^t of the mind’s inopnthieul * 
tendenoy to aasimilatu^or identify, the repuguai^^pt^to depart* 
from a familiar tjme compelled bjr a power from withoflt. * 
The reasonings m ^anci^ot philosophy freqigently 'exhiliit this 
fallacy, esjIbciaUy in f^e subjaot. ig^here^it has most Treqitently 
op^tefl, th#f©latiotfB of mind and body. 'ThUs Aristotle 
rel&sonB tiiat JKitelleat, as welh%s Seuse-^must he oovpbreal, 
fimce dlt has to deal with corporeal thiflgrs: and Like can bo‘ 


comprehended only by*Lik#. 

II. Influence of the Feelings. 

The perverting influence ofthe^’eelings, yi matty;s oftrutlj,- 
has been more gei^rally noticed, than ^ho perversionS due to 
inherent activity. That men have in all ages been bius|ed 
their intereslA, their fears, thepr antipathies, the^y likings, their 
poetic ideals, their religions senthneiits,—is one of most 
widely-received and least contested doctrines of human nature. 
Many of Bacon’s /do/o^ are*pr^udices of the feelings; the 
idol^theatri relate to the poetic, artistic, or*ideal cravings of 
the mind ; the idola tribu^ (which lyqnid properly inclddS j}ho 
other) comprise all tlie fallacious teifdencies ccMuftion to mei»| 
generally, in opposition to individual peculiarities 
they therefore necessarily include the feelings. Mr. IVfill gives 
fewer illustrations of the influence of feeling, than of the influ¬ 


ence of activity as above explsidh^' • • 

The operation of the feelings is partly through the will, and 
partly on the intellect. WhaUgives us pleasure usges thftijill 
ibjits pifhsuit; and our activity, in whateveif way pfbmptdfl, 
carries belief with it. We believegthal the things that weflike 
are free from* hljym, if not beneficial—our favourite dishes', 
stimulants, atnnsoments. The eflect o^ likidg is to induce action • 
" in a given course, «whioh is a power^for belief, able to surmount 
a cai'tain degree of hostile e^ndence. • • 

The obverse is also implied. What oflen4^, annoys, or di9-» 
pleases us^is avoided^ will^is against it; aivi we have a 
corresponding di^dufty in believing it to be a proper objept of* 
pursuit, or in anyway commendable. • . * * 

The other mode of'workivg pn the feelings is through .the 
}|ftellhct« A ^rong feeling, whether pleasurable or painful,* 
occupies and detains the thoughts,* and excludes for Ihe time 
all other subjects. If it be nl^ftsurablq, jthe detention js at the 
maximum; but eveft pain has power* to‘engross us^. Hence, 
under ^pat excitement, thoughts alien to tl^e state! of feel^fg 
of'the time? are net allowed to rise to .the view ; we judge 
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upon one-sided facts and vjews. *An orgie oft^leasur^renders 
us unablerte entertain disagreeable fapts; a “fright allows us to** 
see nothing Ijut danger^ ' ^ . 

The, present piv^oso will be served* tjie following enume- 
ratlc^ of perverting states Qf»feolii»g: X>) Self-intijrest gene¬ 
rally.; (2) Sympathy; (^) Special BfaotioEfe/ Sndh is*the 
order •found convenient for JKustrating the tpratory of the 
Feelfaigs (English Oompo,sition and Rhetoric, p. 201). *. 

- Interest .—This comprises dhr ^ftins and pleasures gene¬ 

rally (to the exclusion bf our Sympathies), wlietheivirom sense, 
from emotion, or from the associated and comprehensive ends, 
fi8 Wealth arid Ppwer. (TlSit men believe according to their 
•self-interest hardly n^eed^s illustration, l^^ot only does each 
pian <f5ndeavour to deceive others, he generally succeeds in 
deceiving himself when his interests are at sta^o. We have 
all gfept diinculty in,seeing the fau'ts of an institution that* 
we profit by; the arguments of a highly paid priest for his 
own form of religion, or of a lawyer fo** lucrative forms of 
procedure, are regarded with suspicion. The grossest forms 
of,efrdr, the morft noxio^i^ practices .will be vindicated by per¬ 
sons whose*werldy position depends upon them. 
c Among the particular pleasure:^ and pedns making up tfie 
great aggregate of self-interest, we may signalize some as 
especially unfavourable to truth. Indolence, or the aversion to 
labour, the soured ef so mapy*moral obliquities, is the parent of 
intellectual error The ascertainment of truth demands a kind 
of,h'‘bour that the average himan being dreads and abhors; 
hbyice the acquidsence in such views as come easiest to hand. 
Thftt unqualified extension of the present to the distant, the 
past, and the future, which we have seen tef gr6w eut of the 
inhei*hnt activity eT the, system, is still farl^er recommended , 
by the saving of toil. Excessive idep+ification, generalization,* 
and siinpUcation are ether expreiisions for the same tendency ; 
while complipatipn, and inc&herent details, are preferred to a 
simpUfyiug generalization that would'c^st,great labour. 

Quo for^ of self-denial requisite for getting at truth is to 
withstapd the influeupe of the present, ds-d the palpable. A 
present infpre^ion has acomm^n^ipg potency. The inherent 
tenden^ to assume that what is will be, is aggravated by amy 
unusual impressiveness of the present fi^t. I’he first victory 
oi^ a campaign elates the cohqi^ering army with honfidence in 
the future. . . ‘ « 

•, The ^^pathi ^,—The sympathetic tendency, of our nature 
' wl^e antagonizing self-interest, and the errors thereby induced, 
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lis a soarce of ftfrprs poculi^ to itself. In making izs chime 
ia with the feelings an^wiews of those about as,*it^erpetuat^s 
opinion^ ^that baae ones got a footing; so that world is 
sometimes dependent fef a move in advauds, on th^ revolt of 
an txcejsive e^ojiist. “ 

^be disposi|^on to see as much*good, as possible in«oai' 
^low-beings has nulled various fallaci(pis judgm6nts. Thus 
if, is sftid orerrors;^hat^tho 2 j are almost always partial of^balf 
truths ^ vihich may be 4be case with certain errors^ but cei* 
tainiy not ^itb all, pr^ably not with the majority. An error 
has usually some* show of fact to rest upon; but we cannot 
say that the ante-copernioan doctrines of .Astfonfli^y igrere' 
half truths; that ihe sun and stars nu)vo round the earth,* 
was a total mistake. That despotic government favouss tl:^ 
happiness an(f the improvememt of mankind do%s not deserve 
to be called a half truth? It is idle conversion of a%fi9w ex¬ 
ceptional instances into a general canon. 

Another fallacy (tf exeessife sympathies is that what has 
been in the past has always been more or tess snitajble to the 
time and circumstan^ics.* Thus, slawry, it'is said, howeyer 
disapproved of now, was once neces^ry and sultaule. Perse-^ 
cution for opinions ?vas the fitting accompaniment of an earl^f 
state of civilization. Feudality and hereditary monarchy may 
now cease to be essential, but were so in former times. Such 
encomiums on the past jaeed be receiw3& with great mis¬ 
givings. To justify them fully, wo raus^jmaintain, first, that ■ 
the goodjaf mankind has beon^flie chief motive of<he fowudcrs 
aud supporters of the actual ihstitut^ions or every age ; arfd, 
secondly, tba^ n^Cn’s ingenuity of eontrivanco has been always 
*Cn a level with |hoir necessities. We cannot say that it wa's 
tessential* to -buiflan society that the Greeks of*the tihie of* 
Pericles or of Xedophon shgnld bg sold as slaves, when they 
hajlpened to be taken ^in war; ^such sisu could have been 
induced i;o'work by th^ motive of pay. • • • 

. The Special ^Jiuefo'iJil.-^Theeconsideration in detail o#a few 
of thS^ leading omojj^iona will •bring to view the i3ore specific* 
Bonrees of fallacy«lirisiDe from jihe feelmgs. Their .opeilktion 
is sti^jl mainly due to'tbek* bei^g pleasures or ^ains ; althojigh 
tfiere is in emotion also the influence of mere excitement,* 
irrespective of pleasure, m*occuj>^ing the mind and directing 
the traii^s thought. | ^ ^ 

• We may remaAc first on the ’Emotionai Temperament 
generiUlyi^r; as it is also cabled, the Sangnine Tem^eram^jlUf 
the effect of whffjh is to dwell upon the good side of everyi 
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thing. ' Men endowed with this peculiarity h^or-estimate all* 
that is godij in their prospects, and*in the prospects of tke 
world generally. ^ Th<^ are optimists as ^'egards J^oth the i 
prescht'and the •past. They fall intWhef last nai]^ed error— 
that*, whatever was, Vas ft^hu * Me^e syijimthy, •without 
the'sfy?gaino tcmperanieilt, nyght not so readily fall into that 
mistake. I'ho oppo^te temperament works ki the oppositp 
direction; it is the soufce of di|heai;^enin^ vieWs of thing^ 
^nd forebodings of disaster. The fluctuations of^he>mentfu 
tcme in each individual have temporarily a like ihflueuGe on _ 
the beliefs. ^ 

^ The tfnbtionaKempcfanTentindulges in delightful ideal con¬ 
ceptions, from which* are excluded the stsrn features of the 
f'calilty. Hence the fallacious picture of a beneficent despot— 
tliio yfessingC of absolute authority in good hands—which 
occupies the minds of sefttimentalRts, and plays into the* 
hands'of real oppressors. * 

The emotions of Novelty atid Wonder have been,often 
despapted on as Sources of corruption. They disincline men 
tcF any factg, views, or fhoories, that hq,ve not in them a dasl^ 
of the rnaiwcflous. It iS diiHcult to get good observations lon 
thfi mental faculties of the lower* aniruais, from the wish to 
invest evprythiug about them, with mystery aud wonder. The 
same cause pr^verts the Records of travellers in foreign 
oountrios. Eveh*'physicaii phenomena that have anything 
marvellous about them are dii&cult to observe with precision ; 
ajKC>‘*tl|p ^temonts of unscientific persons are ^ generally 
untrustworthy. The fondness of the human mind for exag- 
.g^ratiott and hyperbole vefiders a great part* of ^uman speech 
untrue to fact. „ / * 

The Em&tion of Fearf suporadded to raerd a^/orsion or disr 
liking, unhinges and debilitates,the cnind" disposing men td 
dark and dismal viovts of t|^ings, an<\ fitting them to bo the 
Slaves of whoever has the power to ttjrrify. Under the shape 
of Sdpert-tit^bn, the suscoptibitity to has held mankind in 
captivity to innumerable delusions, especially in all that per- 
tAids to-H^e snpernatoral. 4 s the enemy'N:f science, snpersti- 
tien is dwelt upon by Bacon witlf*pecular emphasis. 

The feelings of Lovej tenderness, affection, amiability, wMbh 
wo distfiiot from sympathy, proper, although always in some 
degrei^ fused with itjjire corrupteys of the intellect, creating 
a disposition favourable to whoever is lovbd; hence the pai;ti- 
UitioK of affectioft and friendship, the incapability of seeing 
. anything wrong in* one’s country.i.sect, “Or oanv ‘ In the 
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faighenbompo^l^ds, termu(i*A dim lotion and Revereno«ir thei'e is 
a still greater power te sway the judgment of'tl^ •individual? 
Deference to greg,t ant|joriiies, and teethe prevaiKiig view8*o£ 
society, tbe readings to admit comproniises, zdt^b§i traced 
to the lorlng and sociable^ispq^yiions. The same aispo|itioas 
art easily ledsurto the*wor8hip of ai)^i<][nit^, wliioli'is the'^^enti- 
ntental stron^old of blind conservatism. • ^ 

* • Thp emotions .of Self— the specml dirclo of Vanity,eGon- 
•ceit, Pride, Peolinj? of •Digtfity—in proportion to their pdw^, 
distrprb tIFg judg'mont^f what is true.* The respect for our 
own opinions, because they^ are ours, the plans, devices, 
theories of our o^n concocting, tine ^lue set uponjprerythin^ 
that touches ourselves,—are snares in the way to truth. *Ouf 
egotism even comprehends family, friends, party, and i\^tioi^; 
to all of whom, as being rela^d to ourselves, attiubute a 
.superior wisdom. Natignal prejudice is one of the g(eat 6b- 
struotives of political progreSs. 

The sense of Personal Digriity operates to pervert our vievvs 
,iu a remarkable degree. Many pfevalont doctrines are recom¬ 
mended by their suppose^ contributicgi to thetdignity of hifn^nn 
nature. A leading a'lguraent in favour of the Imiflateriulity of 
the Mind or Soul is^xpres^ly grounded in the greater dignity 
of the immaterial essence. The doctrine of Free-will*is sup¬ 
posed to elevate human nature by the ennobling fdnetion of 
autonomy, self-government, or* judicial ,{^bitration. The 
modern hypothesis of Development is objected to a-s offending 
our ancestral pride. The exqpediug sinft(1ue8.s aitribut^^to 
human nature by the Calyinist would bo highly unph,lutub)h, 
bu^t for the tribute indirectly paid <Jur self-importance. • • 
Our enjotiifnsnJf Anger^ like Pear, are manifestations superin¬ 
duced upon mer^ pain. Revenge, antip.l^hy, hatred, ^)arty 
,Spirit, are forms o^tho irascible feeling, and are antagonistic, 
in a^conspiouous degree, to tUb asceftainijig of truth. Calumny, 
the expression of auger,* connotes*falsehood. ^ • 

We mfty conveniently group^nder the ^sthetik FeelmgBf a 
variety of emotional'^mtes, of,which the central ^nd special 
mode is Artistic !^rtnony, but which in^plve also many the 
other emotions—as Jfov^lty, Wonder, ^ove. • Tbfy are ^he 
qniotiens aimed^at in poetry and in works of Art, and contoiu 
a large mass of powerful /eelingw Many false sys'tems of 
philosophy, and numerous petty 'errors and perverSions, are 
to be ascribed to* tl^s depaftnSont of odV eipotional sSscepti- 
bMities. Thus in the ancient .world, the min^s of pl^losopheys 
were de.ilii»ated Ijy the idea of symmetry, proportion, order. 
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and hnwnony. Pythagoras jwas eft tranced byt^he myVtery of 
*niynber; Plata followed hira ; and Aristotle* was not exempt 
^fi’om'the spejf. But the Qpedominant sqprce of fallacy ^otablft 
ander ihi present ^ead was the supposed J^erfection, dignity, 
‘and* 6ocoming^ess of ^ertavi.an'angements in nature, which 
included unrnerical considerations among others ^ The tfupeftor 
.worthiffess (jf fire was declared *111 the Py thagoreftn philosophy; 
and ^en in the later Cop^nican controversy.an argument was 
manned on the circumstance thatHhe ftew system placed firef 
the noblfist element, in* the centre of the universe So only 
Mind, according to Plato, in P^ilobus, is sufficiently dignified 
•to create%4he* wofld. In tSie recital by Socrates, in Phssdon, 
ftf the p£a^osof his intpllectnal history, on the subject of Cause, 
tJpG doctrines of Thales and Anaxagoras are set aside because 
they d« not ^poognise the becoming as a powor*ia the world. 
The #Jiiorence to the circular form, of the planetary orbits, ^ 
because of its perfection, was inveterate in the cool mind of 
Aristotle. The planeth could be only six, because that was a 
perfect nu'^ber. • * h , 

^10 dictation ftf a pls^^to Nature^on a supposed propriety 
‘has run through all tinxjs. Even in hS,rd business affairs of 4 
•trade, Aristotle held it was against* natui’^ that money should 
breed money, that is, pay interest on loans. Lamarck argues 
that a I^lype cannot have Sensibility, because it would be 
cpntrary to tbo |4f¥i that ^{ature is obliged to follow iu all her 
works (Lewes’s Aristotle, p. 97). *' 

Jilw fictien of Unity, whichtcarried away the early Greek 
pliiloso^hers, paftly proceed^trom oxpr-assimilatiou, and partly 
railiistors to artistic eiftot^jn. The absolute unity of mind 
IS still worshipped by German philosophef's. ^ Herbart and 
othefs, ratlfer than* admjt the radically disti(ict nature of Feel¬ 
ing, Will, and Intellect, insist upon regarding Intellect or' 
Cognilion as the basiji of tlje twfe others. 

• The artistic ^ublimo dictates sucll exaggerations as * Let 
justieo be d^e, though the v^orld cu^apse; ’ ‘ Truth is great 
an4 all-prdVailing. ’ Only a fliind dri^a off its calm centre 
by tlie Qublime of F«jrco can exclaim ‘ Might is Right.’ The 
fallacy thSt m&kes Artistic Sarn^o^y tlw test of truth, almost 
inevitable in poetry, is deliberately maintained in Wordsworth’s 
Essay on Epitaphs, and in-his prpse criticisms. 

The allegation is offjpn ntade, on instances garbled to chime 
iu with an amiable^'senjtiment, tfhat great meh derive their 
Ujental^ power chjefly from their, mothers. J ^ 

^ The influence of assthetio qualities—beaTj.ty, au^limity, bar- 
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mony, propriety—is (^statitly operating to twist the under- • 
ftaudiD^. The* Architeoture, mnsie, and colouring employed 
in»religion, indispose thd.worshipper to canvass fbtf i^Udity 
,tho doctrinea^ The art ef the orator iavolves the* tickling of 
the sense, and the charoiA of style. Such sdhjects 
Criticism, iJor^ity, the Hutnan Mind, where literary polijih’ is 
mqfe or^esa att^ded to, are liable ta distortion through -l^at 
circnmstaifce. •T)f RBetorical devices, oply a few fire subser¬ 
vient to truth ; white a^reaj^ many are hostile. \ 

* The intgi'ests of* Morality and Religion, have, in almosA* 
everj* age And country, been thought to inquire a Babiti:^ 
exaggeration of thi pleasures ofwirtuo and the miseries of vice. 
Plato was the first openly to recot^nfend the piT>a»4]|;aud oft 
preaching doctrinestin themselves falsey as being favourable* 
to morals and social order. And although only one society in* 
modern times—the Jesuits—hos formally avow%d the* saiqe 
^irinciple, there has been fb wido-spvead disposition to puff it in 
practice. Various apologists for Christianity have contended 
that, even 8apposing«it natrnd, it,ought to be propagated on 
account of its beneficial consequences. 

I HI. I^mnce of A%^ciations. ^ 

belief is not founded in l^e intellect; yet the intellectual < 
absociations confirm tendencies pre-existing, and contribute to 
belief both in the true and in the false. When two things have 
been often associated together in mind, vf^ie impetus thus 
acquired, in passing from ?be one to the other, counts as a 
force of belief. We are disposed, by our ibborn activitf* j:o 
projpeed ufon whatever w® are told, there boilig no dbuntei^ 
acting tendency present; the frequent *repetition of the satne 
declaration enhadjjes oiir disposition to believe it. The force* 
,qf iteration is ope of the leading oauseg of iden’s beliefs. What 
iias often been said^ and ^eldom or never contradicted, is all- 
powerful with the mass of mankind.* , , 

Thus, one .part of the tufluence bf educatioi^ and of prevail-* 
ing opinions, is due.to^ul lUtellegtual link, whose growth could 
be'arrested* by mej*e\:fm*nter itocation. The same ififi.nence is 
at work coniirming^ftr modes of looking at things. ^ There 
may be no reason, beyond«t]|e adhesion generated %y length 
oft#im<f, why a x&an is reluctant** to entertain a new opinion, 
and yet this may be enoqgh to render his conversion impracti¬ 
cable. It waft remarked thOjt Hartey’s jdoctrine of tlfe circu¬ 
lation wad admittedd)y no pnysiciau past* fortj^. Anioilg our 
habits, we are tp recltou beliefs.. The inveteraqy of pretsoncoive^ 
opmionsTis iti great* part due to their being long cherished. 
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TjSese fallacies cannot nsnallj be produced as direct contra' 
vention^ of logical method. Many of them depend* on- imper- 
feet acquaintance with the subjects under discussion. A 
certain number may be ^egiirded as snares of language 
J[Bacou'r*uZo(a fad). A logical discipline is good as against 
many; and their detailed exposure may baye a slightly forti- 
fying^influence. As already remarked, an exbfiustiye treat- 
months not possible; but certain genera may be selected as 
being both prevalent and deleterious. 

Fallacies of Language. 

Jmbigitqus an4 Ulrdefined terms. —The Fallacies of Equivocsr 
, tionof the^ sqholastic Iqgic are fallaciefrof ambiguous laugu- 
^age; for which the remedy is an exact definition of fidl 
leading terms, and an adherence to the meaning so settled. 

It is one criterion of an advanced science to have its terms 
defined. In Babj^j;!ts not rained to scientific precision, we may 
ekpect vagueness in the use of language. The Mathematical 
and^jihe Pl]ysioal Sciences weps the first to make progress in 
this direction *, • only in recent times has the progress been 
ei[tionded to the Moral Sciences—Psychology, Ethics, Politics, 
Law, Political Economy. ' > 

The exeqiplifica^on of ambiguous words has no limit, unless 
we adopt some principle of selection. For a work on Logic, 
tho most appropriate examples aie terms of leading importance 
^hose ambiguity is still a cause of erior and perversion. 

Tlyo word,, ‘ Nature ’ is full of ambiguity. Butler pointed 
out three cfieanings. Sir Q. 0. LeWb,iafter a lengthened 
eia\nination of particular uses of the wQfd, found that they 
fall nndes two classes:—(1*) A positive idea, as expressing 
es^nce, quality, or disposition } A negative idea as excluding 
art, or human regulation and contrivance. This last meaning 
occurs ia the phrase state ef nature^ used to designate man’s 
existeiloe before the iVitrqductiba ef law, government, and the 
arts of civilisation. As nnman interference may sometimes be 
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j^ood anfl BomeMfnes bad, the meantng of nature varies hocord- 
Wh^n men’s * n&tural rights ’ are spoken* oT, there ip 
^reat doubt as to what i9 intend^. ' Bvery man has a natural 
right to bjs liberyr ’-«-is.a)umble of uncertain'Sounds ;«*aiatpral’ 
being probAblv. %6ed in Lfiwi^’s* aeoond acceptation, as* the 
antmiesTs of air^* regulation, and Jnte^ferenee. , 1 ^ •• 

‘Libert/ * has variofls meanings. It is ijot merely the absence 
»of coereion or restrafnt^ ^ be jpg at large instead of being inljpri' 
soned ; jt ^tenda also |o«the possession^of powers, rights, anlt* 
8tstu»; thiis<ln a community where there are slaves, being impvi- 
honed; it extends pi so to the possession of power^ liberty is a 
distinction, and freemen compose a privileged erder o^tl^ state.* 
The ambiguities o£ ‘ Moral ’ have been previously adverted 
to. Even in the one specific meaning of ‘ right and wifkug,^ 
it has a fluctuating signification, and has givens occasTon ho 
Srroneous views. The cfiteripn of * moral * and ‘ imtaoral,’ 
in the accurate meaning, is Law ; a moral act is imposed by a 
superior ; hence a supreme polver.oannot do an immoral, any 
ihore fhan an illegal act. When the Deity said to b^vp a 
‘ moral ’ nature, the i*pr(^mu8t be siipposed lo m||hii simply 
^gVodness,’ or else ‘ equity,’ both whfch qualitieh may attach 
to a supreme legislatAr ; the sovereign power may do p mis¬ 
chievous act, and may be guilty of partiality or unfairness as 
between one man and another; which, howpver, is not the 
connotation of immoral 0 % illegal, •according to the propen 
definition of the terms. The sovereign hag, no moral duties ; 
his acts create these for his inferiors. ^ ^ 

labe contusion of Law in»the jutidicalj^ense, with Law as tjie 
uniformity of i^atnye, is exemplified in Butler’s chapter on thb 
Moral Government of God. Butler calls the * course of Na¬ 
ture * a goVerameat, merely on the ^ounSf that It induces 
precautions to avoidfpain* Bu^ these^recautions have nothing 
morakin them; they may be used for criminal ends. Guy 
Fawkes mpst-faithfully o^^ed the laws of nature, when ho 
placed his bprrels of* gpifpowdeiaso as to ensure the blowing 
up of Parliament^ wUile be arranged for firing them in safety 
to himself. It is thgTobject of a I^w proper to preyent mefi 
from ii^uring one andthei»;4h9 uniformity of*Qature lends 
itBl4f equally to good and to evircondnet • 

The word * Utility’.has a*narro<v sense opposed Jbo Art, 
elegance, and ^fiqpment; aiyl a* wider aepse (as in the Utility 
thqpry of orals), ocAuprebending (he* whole eirole qf human 
gratifications and well-being. • 

‘‘Self **has*several meapings, |Which have to be disentangled 
in ethical reasonings. 
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The -wordB ‘ same,' * identity,’ have often Ven conimetited 
c^j. Sirmlaniy or sameneRS ie a matter of degree, and in this 
confeideratidu alone lie^ the ambiguity. ^ human being is^ 
called.th^ same rJerson all through life, although’ in many 
respects changed. * * ' ' 

‘ <J^robability * is,not clways used in its proper meaning,, 
namely, the expression of -what is true, not in every case, but in 
mod. ^Not unfrequently the two sets of cases, ^ro and coh, 
‘are*’called the probabilities for an(^'against a thing. The 
wind hlbws from the cast, say three ^ays in seven, and from 
the west four days in seventhe proper expression then is, 
tthejro isf'i prtDbahilhy of fdlir to three in favour of west wind 
on a given da}. To sey that the prol^abilities are four in 
favovr of, and three against, a west wind leads to a confounding 
of the 'probable with the improbable. A vacillatibn between the 
meatfirgs is observable in Butler’s Introduction to his Ana¬ 
logy. _ He correctly expresses tlie nature of probability when 
ho speaks of there being a greater presumption upon one side 
of a q|uestion than ujjon another, and remarks that if there bo 
the‘ slightest preponderance, prudence requires us to act 
accordingly. " He goes bn, however, to say that, in questions 
'of‘great consequence, we have to fee content with probabilities 
even lower; that is, where there is an equal balance on both 
sides ; nay, oven to less than this ; in other words, we are to 
qct with the mayos-ity of eales against us, which is to believe 
in the improbable. 

nThe plaji of ambiguity is sdfen in the remark of Aristotle— 
^That which is naturally good is good and pleasant Ito the aood 
man ’ an equivocation too closely resembling what occurs in 
Plato’s argument to show that the wrong-doer, if unpunished, 
is mbre mi^rable,*lhan if he were punished. * The wrong-doer’ 
says Plato, * when punisl^ed suffers what is just; but all jus.* 
tilings are honourable; therefore he suffers what is honourable. 
•Now all bouourgblc things are so called because they are either 
agrcfable, qjt profitable, or both to^^fr. Punishment is not 
agreeable ;*it must therefore be profitable dfe good. Whence the 
Wrdng-4oer when pnaished suffers whatis }V’ofitableorgood,&c.’ 

, Separate mhamngs ascribed {o stp^rati words .—This is one of 
the greatest snares of language. There is a 'strong tehdo/fey 
in the mind to suppose that eacheword has a separate meaning, 
aT)d t<^ be misled by ^a^tolog^es apd alterations of phraseology. 
The ramifications of this tendency are ifOmerous and subtle; 
•they ipcUide the* master fallacy of Realism, or the conversion 
of Abstractions into Realities., 
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The elrong vfrbal associations formed vrith all oar opinions' 
and views mafco ns alajmed when*it is proposed Jo^ withdraw* 
Ae castomary phrases^'in favour even of sach are piot'e^ 
suitable.* Stillingfleet gomplained thUt Lopke’s doctrine con* 
cerning iSleas •* bad. Itlmq^t discarded Sul^stance oftt' af.the. 
wofld.'* Thiw’foeling has been manifesfod against all the*great 
iifoovations ofbphilosppby. B«saasS the Oartesia]} doo^ine of 
Mind, and Jklatte^**as two distinct things, is declared ^ be- 
^ratnitons and dpstitmte <ff proof,’people are shocked aas if 
Mir^d brefp done awa}^ Vith. The same revnlsion ip expe?!- 
euced towards Berkeley’s attempt to reooncile the contradic¬ 
tion of the prevailing mode of reg%rd^ng Perception. Whatelv* 
disposes of Hume’s objection to miracles conft^Sry to tl^ 
Course of Nature,’*by the retort thrft, abcording to him, there 
is no such tbtng as a Course of Nature, there being nStbirflr 
but ideas or impressions on tfie mind of the individual^ The 
uuproducible entity ‘ SuDstaflee’^s upheld in man’s ihinds by 
the force of the wo^d. , 

The fallacy of the Identical Proposition is^due to there being 
two different names for the same thing:— • • • 

There’s ne’er^ villain dwellT^ in all *Dgninark, 

But he's ann-rrantjcnavo. 

Ferrior complains of the phrase * Perception of Matter,’ as a 
a duplication of words for one fact, leading people to suppose 
that tliero are two facts. So, lietween antecedent and conse¬ 
quent, in Causation, th^o is inforposed *tbo name ‘ power,' 
to which there is nothing corresponding ; th^ fact being ^ 
sufficiently stated by tho^ unifovm sequence of the a%teced^t 
and its consequenoes. • ^ , 

Thereis £f difficulty in satisfyiifg men’s minds that Resist¬ 
ance, Force, Inet’fia, Momentum, Matter, are all gno fact. So 
with the terms Mption^Succession, direction, Distance, Situa-* 
tio^, Extension—which areemodiftcations of one fundamental 
fact—Movement and the possibility of fiiovement. ^ 

The giving reality ^tD^Abstractious is the’er^r of Realism 
and is nfit as Infiy conij^ered. Space Time ar^ 
freqnently viewed^ separate from all the concrete experi¬ 
ences of the minc^q^tead of bc^ng geiferaliza^ion* of these in 
Oertwin aspectst Oertainthingh are said to be' out of all relation , 
to Time,' which shonld mean thfit such things haw no suc¬ 
cession and^no endnVance. * Time as the innovatory* is either 
an una^fl mfitapboik or nodlsefike. So* VTrnth ’ in thewbhstract 
Ih a fiction*^ the’^reality is a number of*trae propositioqp. 
t>ChaifcS ’*linger§*ui men’s minds as an ind^periden't existeitceiii 
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instead of* an assertion of identitg^ between pertain *Qoiicret& 
situations. . , • • 

4Tbe word ‘Existence * in its most abstract form refers to*a 
supposed aomethiijg attaching alike ^o the Object end to the ' 
Snbjedt/cver and above Quantitjf, Spccd9^idb,and Od-oxistence, 
which are attributes cbmmdn to both. • The csfliy meaning of 
the Vord iy the Object hgetl^ with th^ Subjpet; /or whiuh 
addition we also employ the synonymouf uaihe^ Universoi 
jSeiag, Absolute, Totality of Thiags. « To predicate existence 
of matter or mind is# pure tautolo^yf ‘ Existeiy:^ ** n^eans 
matter or mind, or both, as the case may be. The only use of i 
the word is jto express ^ O^edb or Subject*' indiscriminately^ 
/here bei^ occasfons when we do not need to specify either. 

The valuable distiubtiefO, struck out by Aristotle, of Poten¬ 
tial Actual, is made the occasion of giving reality to 
fictions. Tbf potentiality has no meaning but by a reference 4 
to actu&lity; tbe power of moving means motion in given 
circumstances. ‘ Educability ’ ipeans education under certain 
conditions. Hangiilton has • created* a Petitions intellectn<ili 
faculty under t^e name * Conservative Faculty ;* a pure re- 
,duplication of pis * ReprdJjRictive Faculty’*.' We know nothing ^ 
pf the conservation of thoughts, except^ that under certain 
circumstances they are recalled or reprodneed. 

Unsuitable phraseology and unreal questions. —Many purely 
ariidcinl perplexities have arisen from applying to a subject 
terms incongruous lo its nafure. Thn words * true ' and ‘ false' 
are -properljr applioable to knowledge or affirmations respect¬ 
ing trie arder of the world; they cannot be applied to«pleasures 
and pains except by mere metaphor.' A ‘ false pleasure * is 'an 
incongruous jumble, like a ‘lloud circle * or a ‘bright toothache.’ 
^Aristotle pi^ta the ^question—‘ Is happiness praiseworthy ?’— 
to which ^ere is no profJer answer, because, there is no proper^ 
meaning. • c 

^ The old puzzle res'pdcting Motion is due to the improper use 
of language. , Mdtiou means ‘ ebangoe/ place.* Tbe‘puzzle is 
»brought abpht by insisting ifnat the * phenomenon shall be 
expressed as in a place, that it ^hall be either in one place or 
in another# we giVe way* to this arpili’ary restriction of 
,language, we must allow, with iSabiilton and many otbei^ 
that Motion can be shown tp be impossible. 

Allusiou has already been made'(p. I'S^) to the unsuitability 
of the word ‘ hypothen& ’ to efprdas abst^ot natiuuu, as the*' 
definitionstof Geometry. * • 

t. The opplicatioif of terms of Extension and Lbcfl 'Positio**^ 
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^ to the ftiind h^been the sdhrce of factitioas pozzies and arii- 
f|plal mjsteiies. * * Hoff the immaterial can be ^^ited with* 
^ matter, hov^ the •onex tended can apprehend extension, ■hdw 
the indifi^ible cax^ n)e»ure the diviaed,~*4his is th^ xpystery 
of ^ysterids tq^nan ’ (Hamiltea\8»Beid, p. 886^. The 'answer* 
t is^ no altempf should *be made to express the union of' {aind 
aad matter the language *fhat would be 6uitabld*to tha 
uuiomof one exteclded thing with a^otlfer. • 

* The nmst conspiduAps example of an artificial diffiteill^ 
created bw incongrudfis language is the celebrated Free-will 
theory. The sequences of the^Will consist of feelings folloi^ed^ 
by actions; they exemplify mefttal causes gwin^ birth ^ 
activity, and are Ip'oadly contrasted w^th tne physidhl prime 
movers—as water and steam —whict are devoid of any pieni|i>l 
element. TRere is no mystery in these peculiar sequences 

* except the mystery of the union pf mind and Body, /oemdi’ly 
remarked on (p. 127). The introduction of the idea of Free¬ 
dom or Liberty inta the polnatary operation is totally without 

* relevance; and the consequence nas been a seemingly insoluble 
problem, a mesh of inexW’icable coijtjadictiohs, . . * • 

Fallacies of Relativity. —A large c^s of Fallacfhs qonsist iq^ 
denying or suppressing the correlatives of an 'admitted fact 
According to Relativity, the simplest affirmation has two 
sides; while complicated operations may involve •unobvions 
correlates. Thus the daily rotation of ihh starry sphere is 
either a real motiqn of tlie stars, the earth being at rest, or hn 
apparent motion caused by th^ earth’s ro*fation. ^lato^geems 
tq have fallen into the oonfnsion of supposing that Iteth slars 
and earth moved concnrrently, v|hicl^ would have the efiect 
of making tlfe rf^rs to appearance stationary. • 

, Every mo^ m stating the doctrinp of iteiate ideas commitSi, 

' or borders upon, a Fal^cy of Relativity, provided we accept 
tboitheory of Nominalism. *A general,nation is the affirma¬ 
tion of likeness among barticular^iotions; it, therefore, subsisi^^, 
only in the particylayn * It cannot precede ^ens, in the,evolu- 
t'ion of tfie miqd ? it cannot^ arise from a source apart, and 
then come into ^Rir embrace. A gqperality not emhbdied 
in particulars is a 8elf-c;pi\^radiction unless on sdhie form of 
4tealism. • • * , 

Kant’s autonomy^ ov self government of the will, iR a fallacy 
,of suppres^d tplative. ^o /ntfn is p law to him^lf; a law 
po-implfcates a si:fperior who gives tlib layr, and aif inferior 
^ho obqys iti; but the same.person canuut^tSe both ruler and 
object in*the same departm^t. “ * ‘ 



392 


FALLACIES OF CONFUSION. 


In Eihical questiona there are tjxamples ofianppresfied rela- 
tives. is often set down a^essenftial to the highest 

liioral virtue, that law^and obligati(Xi should err^brace every^ 
act of hunfan lifq,*tbat the hand of ao^oiyty should never be 
niifojt. * Iffow, anthoyty qj^aans operating by pefnalties,^ and ’ 
appeals exbluwvely^ to tl^ selfishness 6f mefi^s'natur^. t^ni-i 
versahhbligation is*nniversal*»3lfiahne8Sf whict4,iB not what is 
intej^dud by the supphrteys of the doctriiiU. • 

view is sometimes express^ thflt*the civil magistrate is 
bound to support (by public establisnifient) the religion ; 
which, however, can mean on^jy what he thinks the true roli- 
ffion; the correlative Lr consequence is that he is bound 
ito estalm^ a false religion, provided he 1:j^olieves it to be the 
trutl^ This is an o^shbot of the fallacy arising from the 
supprqpsion of the subject mind in affirmations.' An affirma¬ 
tion eoyelates with an affirjner: a truth supposes a believer. 
(Sec Part First, p. 80). 

■ A Fallacy of Relativity is pointed, out, (by Mr. Venn, in the 
doctrine of Fatalism; a docfrine implying that events, de]pend-' 
ing «upou‘ bumaif agencj,^wlll yet bp eq^ually brought to pass 
whether m6n Jiry to oppose, or try to forward them. (Logic* 
,of ^Jhaiico,'p.*366). , ( 

The ^ioct^ine of Relativity is carried to a fallacious pitch, 
when applied to prove that there must be something absolute, 
because the RelnViK© must ^oppose the non-Relative. If there 
bb Relation, it is said, there must be something Un-related, 
or J^jove ail relation. But Relation cannot, in this way, be 
bronghfr round ou itself, except by a,verbal juggle. ''Relatipn 
m^ans that every consftibus,state has a correlative state ; -which 
brings us at last to a couple (the subject-miiYj, ahd the object 
,or extended, world)? This is the final end of all.ppssible cogni-^ 
tion. W% may view tfie two facts .separately or together; 
and we may call tl^p ^conjiinct View an Absolnte (as Ferrier 
^ does), but this adds nothing to our lifhowledge. -A^self-con- 
tradiql)ion is. committed by inforrfoi^ .from * everythimj is 
‘Telative,’ th«,l ‘ something is nop-relative.' , 

FMlacies of Relativity often arise id .^^ihe hyperboles of 
Rhctotic. ‘In erder'ic reconoile to tbeir-dot the more humble 
, cla^s of manual labourers, the rhetorician proclaims the dignity 
of all labour, without being conscious that if all labour is 
dignified, none is ; digqity supposes inferior grades ; a moun-^ 
tain height is aboljshM if all the aarrouudiug plains aro raised 
te the lev%l of highest peah. So, in .spurring, men to, 
•industry* and perseverance, examples of distinsfaisHed succes^ 
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are bafd up ^ universal flnitatien; whiley in fact) these oases 
owe their distiiA)tion ip the general backwardness* 


•• 


*fetitio FrMtpii. 

Petifio^rt^pilf PetiiM QwBtUit a>rguing in a drcle^ 
tJlk qtbeatwt^tkre nAmes for a ^llacy, always'includiSd by* 
fogiciam in jRie List of i^allftfiies. To assume come^here.in 
■ the premises the Very point to be gpovld is frequent in dealing 
' with ultimate truthd. * Th6 attempts to prove causation thMihe 
uniformVfy of xiature^usually take it for granted in some form 
or other. The ^inductive sy^ogism is a petitio princi^ii, * As 
anbther instance^ suppose, on tb% one haq{l, the q(Bitmqity,of« 
motion were given as the proof of Persistence of f'oroe, and* 
on the other hanc^ the Persistence of Force given os t^e pz^of 
of the contifluity of motion, i)he argument woq|d re wive in a ' 
circle. • , 

A chemical writer (Gmelm) assigns as the cause of chemical 
decomposition by«snperadded bodies leading to now cdm- 
poifnds, that the forces tending* towards the new compounds 
are stronger than those maintainingdl^o ol<l** • ■ * * • 
Hamilton remarkV that Plato, in^hsedon, donlonatrates tlr^ 
immortality of the soul,•from its simplicity, and in the Be- 
public, domonstrutes the simplicity from the immortality. 


Ignoratio Elenchi. 

Ignoratio Elenchi^ shifting the gr&mtd, or answering to ’the • 
wrong pointy is committed in inany controversies.^^ An ofiapiple 
w furnished in the controversy relating tb a MoFhl Sefise. 
The opponents of the doctrine pfge*«.8 an argument against 
a primitave br ^tuitive moral standard, that diilerent nations 
differ wideljj in their notions of whatsis right and "wrong. 
The reply is, that althpugb they diner in the substance of the 
moral code, they agree in ffolding som§ things to be right and 
morally^ obligatory. T^his, however, is shifting the grouiKk*' 
The reason for appe§i>lij^ to an implanted aens^ of Bight was 
‘to obtain* for certain moral precepts a higher authority, than 
human conventio^f bould give. It was^iot to prove qs endowed 
with a sense that'scmethirg or other is a morftl o^igatioq, but 
•4o dstabhsh the obligation of certain assigned rules (the" 
morality of our own time). 

^ In book^^on ^Practical !^thips, there is usually a chapter on 
^Our duties* to dufselves.’ Like the auldnom^ of the \Vili, this 
^8 a Fallacy of Belativity, being a contradiction of the 
^doa of dtity, which ipplies a superior authority, ^he difli* 
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onlty is -met by shifting the ground; the apU^^tioi# being 
that the cara of our person and our .interests is a duty tq 
^owcty and t6 God. 

The \ Uajlacia aocidentis ’ and the * a Jicto secunddm quid 
. hd dijbum *BimpJiiciter ’ •migbli*btf biHJught unddi: ‘ shifting the 
“ gronadTke meanijng of«term is ^hanged in^lt^ appliSatioi^; 
‘water^nenohesthirst,’ does ndiftnean * hailing n^ter.*^ So, thp 
pleasares of duty are not pleasures attaching to it as dutj^, or 
Tinrffftf nnrrifirf^. they are incideutaf conSequenges of the.situa*' 
tion, through the reoiprdoal conduct or tne other parly, * 

FoiJtse^A nalogies, 

* The irrelevant comparison, or unsuitable analogy, is a usoal 
form af confused and enroneous thinking, especially in the 
older philoBoptiy. It abounds in*Plato (see especially Timseas) 
an^ is*not unfrequent in Aristotle; *it is also prevalent in 
B9.con’s attempts at scientific investigation. 

A familiar but highly illns^atiVe example is the comparison 
of the histpry of a^Tiation to the life of man, in respect of birth, 
groivlh, raatnrity*, and i»ei/itable deeay|. The comparison is 
tlIrrolevan4 th^ likeness ^Ipably fails in the most important 
doints. nation's losses are repaired; %he physical failure 
of a human being is irreparable. 

The reply to all^ such comparisons is to indicate the failure 
of identity. They are false cnmor propositions; and the false- 
* hood is exposed by ppinting out the dissimilarity of the subject 
with4he^snl>fect of the major. ’'They are of the san^e nature 
a8*a^ pleading in'law wjbere the reliance is unsound. The 
r^iAedy is found in ho^ile criticism. 


CHAP3?ER t*' 

LOGIOAL FALLACIESfo 

There jnay be advantage in providing a supplemental collet* 
tioji of examples of Logical Fallacies properly so called, that is, 
violations of the prescrdjed Ldgieg.1 aules and niethpds ;,it being, 
fully underetood ,that the •exemplification bf the rules them^- 
pdlves, the regtdar exposition,'unavoidaUy affords instan^v 
,dos of their neglect or, failure. 
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The 4)roper^ ^irraa^mea4 of siiph an additional qoUeotion 
(onless made premiso)V>as to test the ingenuity o^ t];ie student)* 
ft the arrangement o^ the general subject. iE^llovring Che^ 
order—*-DeaaotioS, Indqption, Definition—w^shouM ooipmenoe 
with Dedi^ctive or*Synogi^tia I^lacieg. * 

Since, ho^peieer, a separate depe^tment, prepaMtory the 
Syllogism, is atnade .np of Eqpiivaleat Forms, oajled Mso Im- 
ihedi^te I^ferancpy and since mistake^ may be oommittjpd in 
•this department (some tif tllbm.the proper sources of sylloj^io 
fall^cidsJbhe first oftft of Fallacies* should be Fallacies of 
EQUirALSNCE, or of Immediate Inference. The chief heads wlYere. 
fallacies occur arS the Opposition oji Pmpositions^ andjQpnversiof^t 
The acntest minds have been snared by ooufouiMmg the 
Contrary with tlfe Contradictory,* o^ Propositions. ^ * TJje 
reverse of wrong i « right ’ sl^ould b'e ‘ The reverse oi wrong 
contains something tha^is either,right or indifferent.^ dTlibre 
are objections against a vaotium; but one of them must be 
true :' the guarded stat^meat is, ‘ if there be not a uhivers'al 
plenum, there must be some unobcupiod space, or vacuum.* 
The chief fallacy of Ci^version is Simple t3onvQrsjoft ftt A ; 
*all the geometrical "axioms are self-evident; •alf selZ-e video ^ 
truths are axioms.*« The connection of this mistake with, the 
usual fallacies of syllogism, was safB.ciently pointed otLt. 

The proper Deductive Fallacies are errors against the 
syllogistic forms and canons. * They are ^i^ainly resumed in 
Undistributed Middle anti Illicit Process, which again usually 
involve the simple conversiqa of A. fi\it lor jihe si^^ of 
language that leads to tips inadvertence, a fsdlacy of liyilogiSm 
would be comparatively rare. - , *# *• 

The luDUCffivi^ Fallacies inclnde the most frequent and the 
gi'avest 'of li^ioal mistakes. Their exhmplifioation "would* 
naturally follow the expository order of the subject of Indue- 
tioq. We might commence ^ith efronepus views of the nature 
of Cause, such as the Shppressiofi of important conditions and, 
collocations. We, also^onnect with this part s>f the 

subject the error *01 a^signiqg more causes tObn a pheneP 
menon needs. It^^ involved in the ^ory idea of cause/ that 
the effect is in exact qpqprdance with the*caifte; hence, 
4he proof that more causes Vere operative than the eftect 
needed, defeats itself.. If. we have an adequate 'cause for 
slavery, or Ibr the sdbjeCtipn qf easteq, or classes, iif the mere 
*love of domihationeon the par*l of the siitoagpr, the exj^anation 
flhat the state of pociety deipands such an^^rraug'^ment i^ef 
Lo value* •TW W the error called ‘ preying too muefi.* •' 
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Next, are the Fallacies ,from ‘.nsufficient ^employ?ient or 
nefjlect of ^ha Methods of Eliminatipu. tTnder Agreement* 
the mistake (exemplified in Medicine) of confounding 
induction l^ith n^ultiplication of instances, without variation‘s 
of -cfrcuhrstances. Mr. Mj^ll's*- Fallacies of non-observation , 
likewise sift against tlie ^methods. An iuduofWm is uot com-^ 
plete l^l alljtbe instances, or representatives of them all, have 
’beei^examined. Pale^, in affirming ‘ that happiness is equally ^ 
^^giftibuted through all cfasses^of the community,* must have 
left out of account the larger part of thO facts. 

fThe assertion that ‘ Specie^ are never transmuted,’ even a 
.although^ nol# disproved,by«|)ositive instances to the contrary, 
«von*Id Inquire an examination of facta far beyond what has 
ever l^eon made. Leibnitz generalized his ^aw of Continuity ’ 
from few unquestionable instances, without verifying it 
thfl-ough all nature. 

The fallacious inferences nafned ‘ Non causa pro causa,’ 

* Post 'hoc ergo propter hoc,’ are fallacies of the inductive 
methods. Sorae /lircurnstance coupled with an effect il held 
lo bo Tts cause, without ^ue elimination. Thus, the luxury in 
the Roman empire is said*to have been the cause of its down- ' 
,^aH; comfnei*cial restrictions, in spite ,of which trade has 
prospered, are made the cause of prosperity. 

The faMacy of not recognizing Plurality of Causes will be 
apparent from w^h/it was advanced on that subject. So, the 
ftillacy «f trusting to the Inductive‘Methods in Intermixture 
of hij|]|ect8 lyas necb^8arily involved in the reasons given for 
coupling' Deduction with Induction. 

Under Secondary Lhws. there is obviously involved the 
fallacy of applying a general law to a concrete iustmee, or to 
,an intormediato law, without the due modif cations ; as if we 
wore to infer from tho Law of Gravity that all the planets are 
falling <?irect to the sun. ' 

, , Fallacies of Explanation wei-e exfirossly exemplified. A 
non-cf*fnplian''e with the logjeal cji ditions of Hypotheses 
would yield fallacies on that subject. 

F/1 LACIES OF Definition would, in the first place, express 
the use of ill-defined terras. ' Again- the failure to satisfy the 
methods and rules of Glassification is a sin against Log’c. 
Wo need but instance the wide prevalence of tho er^or of 
Crosa-diviswns. Bacon is prolific of divisions and sab-divisions, 
which ^fre never jogiisd. His'‘four classes of I'dola are not 
mnfnally exclusive; his Prerogative Instsipoes will be after- 
*«>'ards remarked on. 
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The common idea in the cyrelative couple—Analysis rfnd 
Synirhesis—is di^calt to express* adequately, ewy^ to tlm. 
variety of its applications. Chemical Analysis, Matlromaliica* 
Analysis, Logical Analysis, with the'corresponding Syn^eseg, 
have a basis of agreement bat with points of difference. 

The general idea of separation ; of SynAhe^s, 

composition or combination. * Yet the contrast does not alto¬ 
gether correspond tq the distinction of Abstract and Concrete, 
lAualysis i.s Abstraction, bat Synfhesis is net the negative or 
the absence of Abstractiqp ; it is no^ the uh-ab/ifr.dch^ Con¬ 
crete. While the sciSfitiiie man is, t)y the law of Ifis lieiiig, an« 
analyst, the poet or g,rlist, ^ho does not analyze but combine.Sf 
is not a syntlie.sist. Synthesis in contrast with analysis, is 
combining after analyzing"; it is using the results (ff analysis 
with a view to construction. • ^ ^ 

The simplest exemplificfltion of the two correlated processes 
is seen in Chemical Analysis. .The Chemist operate nppfl^an 
unknown*mixture or combination of material bodlts, as*a 
newly discovered mineral, a water^ a fif^’ango product frofii a 
furnace, the (Konfach of a poisoned man. Ho separates and 
identihes* the yaiiious ingredients of the ftompound. Given« 
)lhe water of a minora^ spa, ho states exactly what saline 
bodips, and gases are dissolved in ft, an^ what is the amount 
of each. . • • •. 

The obverse Synth^iS wonld^onsist in maLin^up the.given 


airily.* If the*artificial water* is exactly identical with the i 
natural water, both the qnaly^is and the syuthesis are ftuccossful 
and complete. It is Ify ,tha analysis, however, *tbat the 
^ynthesis*has*boeh,possible. Ilie an^yiHs is.the found^tioa of 
a hew means qf production; it enables os noi^morely^to imitqte 

a\id rival tl!e .sp|>iitaneous products of nature, but also* if need** 

*9 *1 


compound oy. mejans ot tne se/eral eiomouts in mieir proper 
proportions. Tha||ji Raving ascerj^ained tjie precise constitneats 
of a mineral water, iUis then possible to form the ilhter artifi- 



m 


ANALYSIS AND SYNTHESIg. 


• • _ 

be, to varjr those pro^acte on a deHnite plan os|>urpoBt. We 

*may introdoce beneficial variations ,tnto the syntheses 
*ininefral waters. So, having analyzed som^ cmdf substance 
medicinally* valuable, we njay artificii^y pompom)^ it, first, 
•literally (whic);^ proves the •sufficiency of the*^na^Bis), and 
next^vrith improved^pdaptationsforjthe Ind. **• *. . • 

. The*mo8t* notable applicatJ?A of Gheinical ^yntllbsis is to 
the ftrmation of organic qpmpounds in the*laboratiory. • By a 
fioe^one analysis, the chemist iiaf di|$overe4 the con^titnenf 
element!^ of these com|)oands, and the peculiarities of their 
. union ; he then uses his knowledge to re-prodpce by laboratory 
’proqesse^ jvhftt h^s been jf^odnced in the course of living 
growth. In this way, ngea, acetic acid, Sipd many other or- 
ganio«products have bepn obtained by laboratory synthesis. 
Bach synthet^ efibrts are the toophies of analysifi. 

Xixxif next example may he termed; it is 
the ordinary Scientific Analysis, the pecmiiar case of Mathe¬ 
matics being reserved. Here, Analysis ia substantially iden- 
' tical with.generalnation, whether of the notion or of the*pro-' 
‘ position.. What'^yntheva is will appeal;presently. 

/ The proces^s of assimflating, identifying, classing, general- 
feitig, abstracting, defining, are the variens sides, aspects or 
stages, of one fundamental operation. Now Analysis is merely 
a farther aspect, another side, of the same proteas. To identify, 
clfissity, and abstsoiet, is to separate ^or analyse, so far as the 
case ^mits; the separation being no longer actual, as in 
Ohgnifstry, ^ut mental or iddal. To identify and classify 
‘ transparent bodies, is to make*abstractive separation, or ana¬ 
lysis, of the property cMleditransparency ; or to view its func¬ 
tions, powers, or ag^encies alone and apart fii^m all the other 
•powers possessed by the igidividnal transparent bodies' Water, 
IS liquid, but this aspect is disr^ardad; diamond has extra¬ 
ordinary refractive ^^wer but no notice is taken of it; -the 
•ttvd substances age studied nierely in tteir agreement in what 
jwe oaM transparency. ^ \ • 

Now the investigation of nature turu^ bxeluMvely on thijs 
abftitictive^eparation.* Bodiqs are constitlited with a cluster 
of powers or properties iusemrably edmbinated, yet each 
•pursuing;its independent course without any dilturbance*frorf 
tli() other^ Water, as transparent; has a, power exactly Iden¬ 
tical witjh diamond and rook crjpgtat, as transppreq)}; other* 
peculiantiqs whq^in {he two bodies stantf widely contrasted 
Jiftue no.rdevauoi; exercise no interference, as» regards th?, 
jCranspatency. Henpe, the min^i having veiV limited oowenT 



ANifLYSIS MgANS ABSTRACTION AND INDUCTION. 399^ 

of attention, being easMy impeded and thwarted, by dia- 
*traoting oironmstances^ finds the advantage of •nigleoting ' 
allied properties, and poncentrating^its 'powers* on the^ofie 
' snbjeot’of study at the Uo^e. 

Thus, ASb atnaig tion Sud Analyg is, if, not identical, eir^ the 
. saute fa«t viewed witb*a sl^hi mfie^noe. ^ iQpaus 

' sebaratjslj vie#ing ene point*6f agreement, and* leavfhg all 
other accompaniments in the shade ;* the transparent is 
ftudied by imelf, th^ teecifto gravity and all other inooTpo* 
rated pro^rties oein^ mft out of sight, nieans the 

• very same thing; only, proceei^ing a little fartne^ it supposes 
that''every one of the powers of A given cyncrote„%8 w%te 4 ‘ 
may be abstracted j>y turns,—transjgarepoy, liquidity,* specifier 
gravity; so that water as a whole may be analyzed, or^epe^ 
rated (mentally) into a nam,ber of different j^pwers^ whose 
•enumeration is a full acemuot of tl^e agency of water. » • 

The farther we push abstraction and generalization, the 
farther we push iim^lysis- • When, after generalizing all 
•mecfalinical movements, and forming an (abstract^ idea, or 
analytic separation of mqlar or meql^nical force, we pVdbqpd 
*to identify mechanical momentum with molecajlal* forces, we 
make a new aualysia; we sepe^rate the property of force ^n# 
its exclusive connexion with the movements of mas^s, and 
view it as the movement of matter, whether in larger or in 
smaller aggregates. 

It is now reqnisite to Msign a cor relatjTO meaning of l^v n- 
thesis. As Analysis is the ideal separalidn serrate wacHi* 
l)itjon of ftll the functions of a conoreie thin^, as waf^r, iroft, 
blood. Synthesis is the re-statempnt*Af the whole in tfieir 
aggregate Us ^cacy would be shown in supposing a new 
. AS ^ liquid diamond, a metal wifh all th^ prophrties 

«bf lead except its oorro^on. It would also be exemplified in 
the act of commnnicating, hf dosc^ptioB, 4he knowledge of a 
mineral, apart from a edherete specimen. , • 

Auotlie'r step is ipepllbble. As these abstr^titc properties, 
or notions, are what enler intt^he indfuctive gen^IizaiioTyB or 
nature, each inductjyS law being jiwo or more coupled togeflier, 
^alysis becomes applied^ liyiuctive discover^. *There qan 
no Vide induction without correspondingly wide^genera- 

lizatioa of at lewt tv^o potions, that is, without an eguivalenb 
^ualytio sepdratipu. THe ^npi^mlt of. generalization,,in the 
notions Quahli^, jRertia, Gravity, Rerslsteneji, is the summit 
■ of Analysis. ,The .highest generalities of Mind are attained 
thronerU {hfi mofet ^oronsrh Analvsis of Mind. 
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The employment of Anal 3 tf}i 8 to fignify Indifffg^on apjwars in 
•Avistotle, and pervades the logicians after hirA. (See Mansel*|» 
•Aftrich, App. G, fiarxjilton’s Logic,* II., J). ijy an easy 
tranbifcioij, Synthtisis would be applied ty Deductid^i'. The 
•dedii(Jtivo *oj)oration ot follftwiiig out the laW ol ^gravity to 
lunaaL'p(>rturbations,.to tb% tides, to pretsessioAr ^c., wt)ul(f be 
called •synthetical, as reuniting abstract elenfijpts *hito new 
con^nations. Haviifg ij^astered the law*, of central ^orcej 
and^he composition of forces, l|fe\^on^8o'Buccd or inferred th^ 
orbits ol^bodies governed by other forcdl than gravity. • 

Syntlicsis, however, scared}^ applies to a^jple Deduction, 
the foilonupgOut ijn inductiSn to a new case, as when weilifcr 
fhe dcatfi ot the reigning jopo from the mortality of the men 
that l^ve died. Tliere ig no element of combination in such 
cases, there i^ but the filling up of the indueflon, which is 
only ^mially complete so Jong as any particulars are still 
outstanding. The synthetic operation best realized by the 
complex deductions, or the unio»of sevci’al deductive laws to 
a composite or cowerote case—a hecondary law. • 

Tl^uTo is nothing gain§il by using»the terms Analysis and 
,•Synthesis tS. tJie iuducthc and Deductive processes respec- 
v*ivoly. We nia}' show m what the j^3plication is proper 
or admissible, and that is all. 

The use t)f the Syllogism may bo exf)ressed as analyzing or 
separating, out otf regard tp •our mental infirmity, the three 

• parts of a step of reasoning, so that they may bo studied in 
scnjihation. ^The premises, insftad of being confused together, 
call he looked at* apart,^ and eftch judged on its metits in fts 
isu^Atod condition. Tll^ isrfin advantage belonging to Method, 
OP Discovery. Wherever a separation of tj^s Sinck can t^ke 

•plase,* a grtat relief is given to the understaeding*, with a, 
corre.sponding enlargement of its powers. • * 

An accountant sopajc-atesTiis c(flumus of debit and of credit, 

• and classifies iin^dor different heads miyments that,relate to 
^dilTertfnt sub^fcets and follow d^Ierenf ft^es, 

Gyammaflcal Analysis may «bo followed hy Grammatics 
Synfflicsig, as ib constffucting^ sentences unpn new types sug- 
ge.\ted by Juttftig together the yoncpeneift elements in various 
•ways. ^ 

Criticism is a species of* analysis ^ and the. composition ol 
an Oration or a Poe^.by the guidance of cjiticjll and rheto^ 
rical rmes^ is a^ strictly . synthetic operation; the *prev ions 
a*^alysis,i8.the foujidation of the anethod. Composition, witfi- 
/out any rules, is uot synthesis. , 
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It is|f weakness of'the T»nscieDj)ilio man to suppoae that a 
•concrete thing* for example, a political insiiti^tipn, con l;^e 
viewed only as a wholo-pthat its operatidns are au indivisilfte 
‘totality.. •Tfius, tfie obti^ning of justiSe by.^he prdbedute in a 
court of la^ is ijirobglya sQriei of Steps and processed—r^Jsing 
fche^Mjtion, JapjJearing «by counsel* sj^mmoning’a jbry, aijd so 
^oA The^ffect^f tbe.whold bei^ good, the un-anaJyzin*g mind 
distributes the* merit equally over all thd parts, and is showed 
when*a dou\)t is raised fis tAthe utilfby of any one conslitucot^ 
aSj for example, the jufy? • • 

, To advert finally, to the special instance of Mathematical 
Analysis and Synthesis. A newistep in geoui®tr^, may b^ 
taken either by analysis or by synthesis. The vanotis Uoo'* 
metrical properties tiro said to havo*bceu first discovorqjl, by 
aualysifl, while in exposition they are fii the form of synihesis j 
^which is not strictly the jpet; wo may proceed fr(?m thciknov^u 
to tlie unknown in bath waytC; discovering new properties by 
synthesis no less than by analysis. 

• Lob us lake Synthesis first, as Kuiting tb^case of a science 
whose onward march is hy the wjj^^of Dodjiction.*. Let ps 
•assume that a certaitr proposition li^s been itfrfVc^ at, no 
matter how, say, ‘ Parallelograms on the same base, and boi 
tween the sanie parallels, are equal.’ Now any one cifiisider- 
ing this proposition miglit readily see, that the ftiriom of 
mediate equality applied to it, would shcp| that the same 
thing might bo predicated*of equal bases; sucli an inforeiicb 
woufd be an ellbrt ot pure de^ciion^ or .the skilDiil coitfJ)pi- 
ing of tw« already estabjished •propositions'to yield*a iieft^ 
tbifd proposition. So, by a repct^ioifipf the same appoi^ite 
union of ^rutlis ijjossessed, one might also infer that ‘ Tn~ 
amjl'es on the sanip base, or on equal base#, aud between ilio 
'^anio parallels," are pquah’ By farther combinations, the rca/» 
soncr might go on to deduc*or iiffer the,47th, and so'forth. 
All which is. a purely synthetic (Jperation; and geometrical* 
truths ma5' ho evolved t^any ejetent iu this way.* Corollaries 
arc usually* deductive nfforence^of short leap, from the main 
proposition. The* ^tration is seldom qne of simple, do4ue- 
tion, there is usually » ce^t£|jn concurrence of*tw^ or more 
piijjpositions to fJie new result*;* and the mental effort lies in 
bringing these together. Qipometnical synthesis and* deduc¬ 
tion are thus iho* same things ^ ^ * 

• What then Is Grcoanetrical Affalysis.? ’ Ib it,Induction*? Wo 
^ arft told that it proceeds from the unknown t§^he ki^own. 
one wore fo^usppej; or surmise (without being sure) that the 
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square of the hypotlieuuse pf a is eq^^l to ttf§ sum of 

the &(iuai^*f%of tlio bides, and assuming it, were to endeavoni* 
to connect it by a tliread of georaot^jcal reasonmg with tfte 



ji^rogressive couyso alj^ve described. Y<f(>'%u ^retwlityf 
.inent&i operation is sabstaiittally the same ira^botW; the flWo* 
diijbr only in superflcial^ appearance, like, the epquirjf from 
•omm to effect, and from*efft ct tcfcauief Assuming the trutti 
of the surmise first, \Vt> have to consider what pg!^r ^rpposi- 
tibnh would bo requisite to sugport it; and, again, what otheri 
4 irqj) 08 itign 8 » would suppdi-t these ; until* we come afr last 
•upon jfdniittcd theojems. The real operation at each step is 
^ deductive one we ftugn a proposition and try its conse- 
<^ucnciis ; if^ these coincide w^h the case, Eucli»proposition or 
prop^biitiouH are what we qped ; ami if they are found amoD§^ 
the true propositions of geomeliy, we 4iave made good our 
i)oint; ‘WO have proved,our surmise^ and.put it in the train of 
geometrical deduct Lous. * • • 

. Thh fiioiliticB.Tor this^ipverted dejjuction are so greatly mul- 
l iplied J)y ^l^ebra as to* give to the ^gebraic processes th^ 
dasignation ‘ analytical ’ by pro-gpiincnge. In an Algebraic 
equatibn, we work backward from tbo known to tbe unknown; 
yet it id by a series of pioperly deductive operations—tbe 
application of •axioms %n<l theorems already established. 
Algebraic Qeomet^ is called ‘ Aniflytical; ’ the more recoii- 
d^t'e^roctswes of Atgehra aro'eallcd the Higher Analysis! 

• ThnS, while Synthesis has tbroyghOut a refortJlico to the 
didductivo and combi^ng 4 )rocc 8 Bes of science, Analysis relates 
*to generalization or induction, overywhere*<tx^epUin Mathe¬ 
matics, in«vbicb A is merely the mode of uedjictive synthesis 
adapted to the solution of special yroblejns. The geoincteiV 
when'be has no sppeial ciW in -viiew, evolves new propobjtions 
,by direct or progressive synthesis ; >fhca he has.a problem to 
worlfc out, h« confines his dc^uctiofi^to those that'iiein the 
ap^iroacho^lo the desired so^kin. T^o/course of discovery 
IB » Deductive "science can bo only Deductive; it consists in 
following^nt generafitics iiiliand new Applications \ usually 
by combining fcevcral in one a*pplication. The ai l, the*labg«r, 
lies lu'the union of several prpposjtions to a result The 
o'peratioh must be tenjbativ# ; ^it yafinot bo foretold ; yet it is 
amcuatile to a cqptaiA *gqneral *method, vuiiidh pVaettee instiA, 
^pd which is ndl^altogether beyond the re^ch of precept. • , 
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G.—cftAwTil 0/ THE LOGIC OF INDUCT^p^. 

^ Previous 4o 4he pi incipal contributors tho Logic ' 

of InductTop wevo i^acq^ Newton„HcrscheIf aud \Vjifivv^ll. 

Bacon. —ffhe.fissential paft <if fch* serwce renderejl by Bacon ‘ 
^to Stieribc waf fiis profest yi favour •f baaing generalitjes^u a 
patient crtlec(JI>n aud accnvat8*coinpai’^son ol liuft-s. ft was 
tOo m^ch tbe custofii, he complained, to ‘just glance at oxjupri- 
ifieuts and particulars^passingin place of this, he propos\:d’ 
to *4well*iuly and orderly among th*em.’ With thh wh^le 
•force of his eloquence ho discouraged flighty speculation and 
rash‘conjecture, and urged that {^iieTalitie&mu^t be*|buude(J ' 
upon a wide conipa^yson of particulans • * 

Following up his emphatic enunciation that men musbBhavi 
done with rasm speculations a*d rashly abstracted nortous,,if 
•they desire to make progress ip. their knowledge of Nfttifi’o, he 
devised modes of eHicidating truth by the comparison o.f 
instances on a methodical•plart. Jle directs tho arrangement 
ftf facHs in three difierent tables. Tho first fg,ble is tp contain 
instances agreeing in, th(^ presence tho plfenoryenon to be 
luvestigated; this ho calls a Table (fP Essence *siud Bi’esenco ' 
{Tabula Essentiae cl i*raeseitliae). Tho second table is to con-* 
tain instances wanting in the phenomenon, hut ytherwi&o 
allied to tho instances where the phenomenon occurs, each 
instance corresponding as/ar as possible to^^me one instance 
in thp first table; this he calls the Tabl^pf Deviation, or of 
Absence in Allied Instances (Tabula Declinatipnis^fiv^AH^m- 
tiae^in Proximo). Tho third table contqjns the phenomenon in 
different degrees, and is called thotTaMfe of Degrees or Taltlo, 
of Comparison {^abula Oraduum^ sive Tabula Oomparitiva). 
lyhe consfitutipii of the three Tables,is exemplified upon an 
enquiry into the plrouomenon of H^t; for the prosecution of 
which are assembled no less t'^an 27 instaiflces agreeing in the 
presence of heat, 32 allied instances agreeing in its absence,* 
and 41 ins^nccs of Jbcitpnanife^d in different decrees. * . 

The three Tables era desired for the convenient applica^ 
tion of-the three legging method# of Inductive eliqijination -- 
Agreement, Difference, and Concomitant Variations; but we‘ 
nA*3t hot suppose that Bacon* realized anything Jiike tho 
precision of thosp methods. • He dfd not conceive th# idea of 
cjjioosing his ipstajices so theft t|i«y' should differ in ever 3 ( point 
but the phenomenoif under investigation,^agreeing oijly in that 
—the fundamental idea of tho •method of Agreement.’ Nor did 
ho conceive the IU 0 a>of the decisive method o| Difference, tbo 
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choice of two instances ag»ceinglri every po^ save'Ihe given 
^beiiomeiKin.’ Haying collected hig. Tables of Instances, h8 
wertt to wflrk by exc^iding according to pertain canons fim 
ivroleyjyiji instantffes, then piaking a hypothesis or^tiSss at the 
triitli, and finjilly verifying^this bj faither eiftjuirr. • 

JBacpn takes esp(*cial credit for^ his 'pi'ocelS ftf fUxdlublbn oj 
Jiejection.'j Ho contrasts it Mtli the popular*,metlVod of pro- . 
ccyiing by Simple lifnuiperaiion, that is, by counting onl^'^ the^ 
ftfvourable instances, overlooj’iin'g the) 'unfavourable; and Be 
claims to he the first to make it prummont. Tlierproblem of 
Induction being to * find sncb«rfi quality as i^s always present or 
ahsent^*witll tUv given tonality, and always increasbs or 
(Irorcases with it,’ J th(j first work of ijvue induction is the 
rejoetion or exclusion o,f the several qualities which aro not 
foiMid«iu hoijie instance wlierofthe given qualify is present, or 
are ftnjnd in some instance where tl.e given quality is absentf, 
or arc found to increase in some instfince where the given 
quality decreases, or to decreasei whtvi the given quality 
increuM's.’ *' ‘ ' 

. It will bo observed that this process of exclusion, although 
a great adVaiRce upon generalizing witliiout regard to contra- 
tlfctory instances, is very rudimo^itary. r Bacon does not dis¬ 
tinguish between laws of siraplo Co-existence and laws of 
Causation. The first of liis principles of llejection is suited 
piily to tI»o cstablfsliraent fc*f*eo existences, and amounts to this, 
that we ore not to, declare two qualities universally cuncomi- 
t»!ft«j if in*«evtain iflstaucos W» find one absent when the other 
IS presout. llis other principle of •rejection is the reverse of 
method of Concc^nitavt variations, a disproving of causal 
connexion on account of independent varij^ioh ; and applies 
to ciiusatidn aloiiV). , * ,. ' 

As to the modes of ce^ififiiin the* hyptft,hesis alloweil aftel’ 
this process of coHwting and wfting instances—the Logic of 
Proof, Bacon has left us Sut a fra^ieut. Of hiqwine divi- 
8ioii% of ai(ife to Induction, liaF cora^tK;^d only the first, Prero- 
gaiive In^ances. Under thej? heatf, ht) jdictotes a farther 
4n(\uiry mto partici^ara, an^ dwells upo^ instances of special 
value to the Inquirer, calling IIkau* Prdirogative from that cir- 
nnmsti^nce. To call this diVisioii of his subject an* aick*to 
induotipn is misleading ;* we eKpeci; Jo fin^ an account of 
instaqpes particnlarl}^ suithblg ftr founding in^uetjons npqp, 
and find^insteq^ illustrations of various ftuixims ap*plicablo to 
Uefiuitioo, Obsdirvation, and even Experiment, as wgll as SG'nie"^ 
Bpecially adapt<fd jfoT luductivf Elirajuatio*. { • 
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Ifc is {i^ong fcj^ Prorbgatiw, Inst-g-nces, if anywhere, that W6 
fire to look whetncr Bacpn bad conceived any pmc^ical device 
for bringingJthf» processJof Exclusion or Elimination to a.pill- 
sitive reSillt^ as is ftone iu the.rnodern fhetliQ^s of -Agreement 
.and Difference. •Uirder*mo,he%dy^ of SoUtarij Instftitcdsj wo 
fittd ft cr^d#‘a[)proadi to the selection of instances im^ied 
. *a ^heso fAetboris. Solitafy ]jp®fcances are eitbej inertiancea 
^ that ej^ibit.a pbejwmenon without any of its usual accom- 
jA-niraonts, as colour pfrdfluc^ Ijy tbo*passago of light tbro?igb, 
a pri^; ^ instances•a'^reeing iu everything except some 
particular phenomenon, as Hiffi^rent colours in the same piece 
of ntarble. He ^ays in a vagiiei w<>y that suph instances 
shorten very much the process of Exclusion. They Ajontain*, 
really all that is demanded for the mdtho'ds of Agreement and 
Difference. Yet in Bacon’s hands they are comparatively 
•iseloss, and, as part of \jis method, could not ov%n fi^nvish •a 
suggestion for more jierfect cdntrivances. The reasons are to 
bo found in his vaguy coiipoptipn of the problem of Inilurction; 
His ntethods of E-xolusion are of* avail only for problems of 
Cause and Effect; they ar§ suporlluous for prc^blerns hf simple 
^concomitance, a single •instance of diaiinion being j^jiilicient to , 
disprove such a coni^pxion; jmt ho speaks thrAdghout if, 
bis elaborate comparison of instances were designed only to 
prove two properties co-existent. To this confusion ho vvjia 
inevitably led by the subjects he proposed t()investigate. He 
sconis to have thought ptincipally of investigating abstmet 
qualities of bodie.s, such as deqsity, weigl/lT, colouj, volatjjity, 
porosity, lifeat; his purpose being to ostablislr their Eurm, by 
which he seems to have vaguely uydGi*s^iOod something inva¬ 
riably presicnt* wtjh these qualities and endowing them with* 
.their peculiar ^nature. Such an investig^j,lion gave ample 
«copo for numerous.asseiyblagcs of instances ; but the methods 
of sqjind knowledge wore notdikelyAio bo pprfected in a region 
that csin be approached hnly by hypothesis. , 

Undei' Migratory ln|tlifces, peeping still in view the pame 
class of sdbjects,^ lie recomiajrms attention to onse.s where* 
qualities are produced in bodi«5 ; giving^ as examples the j^rp- 
dnetion of whiteness by pquqding glass and by aglta/tiiig water^ 
i:^ ffoth. From this we galiier that he was Rensible irf a . 
measure of the advantage qf studying the iritrodnctton of a 
cause into kitown circumstances, although in his narfow field 
of investigation it could lead td no re.siiU. , T 

•In these tw.o fivsj; instances we see how f|i* he aSiticipated 
the Metliod^ of i|.g*’eement and of Difference. ^Few of the other 
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^twenty-five instances "bear stricUy oii'^he rnduotiv^^Process. 
With Migraimj Instances, lie compares InstAiJces of Com^mnion* 
Jhip or EnmHyy sncli as the nniversarcoiicurrenco of heat wfth 
flame, and*the universal absence of (^nsistdhcy in a*r»; justai^ 
wUen*a*cAianEro is oroducdd. vte mtisff see*k the canse in cnmM 



-, j^nust set-^-... 

stance. In Striking or Shining Instances, find^ Clandestine 
.Ipiftances, he urges tho importance <ft‘^I iq two extremes inti * 
variable phenomenon# His *eventh tind feigbth^*TiIstances, 
Singnlar Instances (as the ma^nef among stones,"quicksilver^ 
among mjct^s), and I)§vi%ting Instances (iifdividual monstro- 
,Cities),tare important for alike reason ; their novclt)’’ sharpens 
investigation. His tVclfth case, Instanced of Ultimity or Limit, 

Ks ot \^\o same nature. ’The five last go togetlwr ; the stimu¬ 
lating ^flicaby ascribed to tliem i^ a favourite topic with* 
llacon, and is the real charactefistic of several other Instances. 
/Ms'nofrv? of AUinnre -or UnionInstances of Divorce, the 
thirteenth and fourteenth, •form a natural couple. The ona 
eonfitifute instapeos reconciling apj^arent contradictions.; the 
hbatof the ehcrisf5pSn the heat of'ffire destroys; a con-* 
^(‘iliatory in^ttinco is found in the grovvth^of grapc.s in a house 
inuited* by fire. The second constitute instances disproving 
on alleged uuiver.sal connection; it is asserted that Heat, 
Jlrightness, Karitjr, Mobilit}* are always found together; wo 
point to atr, which is rare and inobil^but neither hot nor bright. 

In exeiyj^lifyingV/ns/ances Jjonformable or of Analogy, be 
|iib*a.vSeclean away from Inductive ^caution ; he gives as anu¬ 
rous cases the gnma^if ^eesand most rock gems, and refers 
.the ^splendour and clearness of both producls to, the same 
cause, fine j^nd de|,reato filtering. Such fancies sliow.how little 
bacon was removed fr(ftn tho rash speculgtion lie coiidcmneiV 
in flia works ot his,prcdedbs8ors» 

His fourteenth case, the ftimous Ivifianiia Grucis (Fingerpost 
Instance), ij mentioned in thp Chapf^er on Hypothteses, § 7, 
•(p. 13 )}, ubW IS there placedits ti^b l/ght as an instanco 
delusive of rival hyjjothc.ses. 'Such instances are otherwise 
caned Demsive^and Judicial <fi- Orgcular^ifH Commanding. 

Ihe^c «ro all the instances*bhat have a direct bearing 
imtucti^i. Of the remainder, twp are of importance for, uk- 
»and the wnth,^ Chnatiiiitive* Instauces, and 
or iij/Instances. instances ^ivd thef constitui- 

SUnr complex notion ; Bordering instances make the 

bauling* transition border betwee’n two classes/ ’ ' ‘ ‘ 
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Five^star.ce^ arefsiassei^together #s Instance.^ uf the Lamj^ 
or of First hlfSrviaiion; and relate to Observation," Under, 
Bisiames of the Door or'Gate be coniniente on art^dSal aidsjto, 
the Seasiis—the ^licroscopoj the Tetescope, and, measuring 
rods. Fvoki)iijinstances* be mearrs i'udica-^ 

tioiw ofc tAii|f|^*nob d 4 rectly accffssibld to observation ;.*6uch 
nrtj the pj#fse ^d thj urint, a^*syrrf|)tomi? of the conck’^i^n of 
the human bbdy., fnsiauces of the othefwise called- 

•7Vare7//m/?ind Articulmte faistancesf display stages of gi^wtb 
and ofotker gradual Ganges .—the et^idy of these is strongly 
recommenced. Siqiplemeidanj Instances or Instances of Dtfuje 
are said to supply us witli infoAiayou when the guises entirely ' 
fail us j when we cannot remove an agent AltogcthblVwe 
vary its intiuence, ftnd when a pheiiftmetion defies observation 
we may studjfcuuaingous phenomena. • Dissect>ng or Aivalteniitl; 
Instances are such as great effects ])rodueed by^mall Lyu.sos j 
they appeal to onr wpmTer, a«id simulate enquiry. * 

The seven concluding instances embody advice on f||ic pruc 
ticaUconduct of investigations. • The four first of the seven 
instruct us how to attain precision by definitj detei'inini^tion 
and measuieinent {MiMthnimtical ov^Jjfeasuring Ins^inces) ; fhe 
three last how to economize our resouces (Pro^tfiovshv Bene^ 
volent Instances'), ^hc Mathematical Instances are in^sta^ices 
of the Itod or Huh, otherwise called of Range or of Jjimitulion 
(where measurement of tS^acei^ required Instances of the 
Course (measurement of ; Iifstancesoj Quantity^ or Doses 
of TIalufe (where attention is called t(/«the quantity of an 
agent) ; »nd Instances of Stri/e^or l*redoininance,^\indl 4 ir^\'\ifh 
lifle he gives a confused cuuinerationof various ‘ Motions,’ or 
tendenciqp toiinotiou, and rcpreseifts tiTe movements of boefios 
as determined bjj the victory of one or other of t^ese civifli<‘t- 
ihg tendeuciq’s—fqr example, when \fater runs out of a crack,* 
the^motion of Continuity is Qircrcorfio by the motion Greater 
Congregation (the tcndwncy of bodies to fhe ground). Nothing ^ 
could be •more I'ancifid/^gd illogical than tlfls opumeration of 
‘•Motions.^ The V^fopt/jo«s^%istances are —Ihlimating Irw 
stances, wh*ch pojirt out wlmt is most useful to mankind ; 
Polychrest Instancf^ gr Insiance^of Geiferal Us^f, (cwntrivance.s 
^otn4 for a variety of pnrposeili, as various modes of excluding^ 
atr fjgom bodies to prevent^decomposilion); hnallyf 
oj MagiCy tli© libe of%m*aW ^auses.to produce great effects. • 

* We have ^ivto#io accounfr*of the fej^th division, distances 
^ Powety otherwise Instances of the or I^tLnds of Man. Jt 
is parti/ii^nti^a^Vith awakening In&tanceS|; we h&v© singed* 
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Sb out here'as fiontainiifg a Jiomiljt agaifist beln^ led ^way by 
►tidrniratfon akilfal contrivances (roi^ bettor ways of accom- 
^plfshing tfie «amc edd. . , 

In concluding ^Jjis bPief acco^jnb Baconiaif Ynethod 

,we .niay'i^iterate* that the^erit ^con lay nether in the 
maclnnery he jfrovided'nor m the example bo'aettbut infthe 
grand impulse ho gave to the s^d/ of fapts. 

• ■ Newton.- Newton eannot be said, any n^iore' tljian !Qacoh; 

to. H&vc made a direct cdhtributi(fn the.methods either of 
fiiscoveiy or of Proof ;*but he set alt Example of .Ag&rqusly 
cautious enquiry that did more thad all the precepts of Bacon 
lio raise the standard of ]^ro(|f, and to purify Science of fanciful 
j^pdthoaest He hvcn went to an extreme and was over- 
rigorous in his require*medts of proof; sucli was his dislike to 
n'^kin^^ hypotheses (in *tho sense of assuming causes not 
kuwwi%ty exift), that he wished to b^ish them from science 
altogether. • • 

•The -Itules of Phildsophizing ,(i2e^«Zce /*hilosophandi) pre¬ 
fixed to his Priiifipia were? long quoted as authoritiftive. 
Although *worde(J- with an express \’iew to the establishment 
pf HravifatiMi^ they are fjecessarily applfcable to other induc- 
geneVaHzlhUons. ^ 

I'lie Frst rule is twofold, and*^ may be thus explicated* 
(1) “ Only real causes ” {verce cvxitscB, actually existing causes) 
“ are to bo admitt^ in explanation of phenomena." We have 
stated the limits to this uudW Hypotheses (p. 131). (2) “No 
moro causesti^ro to bAadmitted</<haa such as sullice to explain 
tho'pTiortomona.”* This is an-echo pf the maxim known as 

* 09 tfam’s razor ’ (‘ Entm'non sunt multiplicanda proster neces- 
sitatam ’), and means that* when one cause**is proved to be 
present in spfficien^ amount for the efiect, wp are not at 
liberty to suppose the prdsenco of other causes. ' From a few 
words of explanation,affixei^o th« rule, we should gather that 
Jig meant also to sug'gest that there was a presumption in 
favour^of an erpla'nation accou^ing ffti^tthe phenomena by the 
'fewest ogenu’Ss-^a special pleBm^ig for liis-theory,of gravita¬ 
tion Nature does nothing inWn, and*ai thing ia done in 
vain by several agents when* it can bo. d^me by a smaller 

, ^lUiiAior.* • . • 

The Setjond rule is— ‘ In as far qa possible, the same causes 
arirto be ifSsigned for the same kind natural‘^efltects." For 
example,•respiration in^nan and‘*in beasts ^tfie fajl oY stones 
iufhjui’opo and irf ^inevica. An aspect of lijie XJniformity of 
^afuro designed if favour his view of Solar «adLraciioh 'as the 
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eamo of efifect *Uio attractfon of the E irth for tMV 

* Moon or for t^A‘«strial^bodics. . ^ ^ • 

• The Third—“ Qualities of bodies that caft neither be iucreaKcU 

* nor dinikiishod fn intensity, and tlllit ol^iaiu irh all bodies 
accessible *to expefimdlii, piu§t b8 considered quahtfiesof all« 
bodies ivhjis^^^er.” • Another’aspect* of the* Uniforin-Yy of 

► ^ftiture, sifio ^lecially ad£(^te^«to ms exfension of Gravity to 
the hcavoiil}’^ bodies. 

• The Fourth—‘.ln« philoeopliical*experiment, propobiliiqry? 
collectedkfroni phenoti®na by*indnction, are to be lv3ld, not- 
, withstanding contrary h>^jotbosos, as either exactly or «p- 
proximately truq? until other phe|^oi^ena occur,where by th^,’ 
are either rendered more exact or are proved liable V) ej!eej(V 
tions.* Tliis is indfrectly aimed at tpo Chrtesian explanation of 
the celestial movements by Voi'tices, the word hypotheses being 
, used in an opprobrious ^onse, as involving an elAnenl^oJ faircy 
operating upon imperfectly knowii materials. The rule may 
bo held to imply that the tc^st of a theory is its acwordance 
, witltofaots, which is not altogetlu*!’ correct. 

RSCHUL. Sir John Hcrschel devotes a‘ponsidei’ablepor- 

* tion of his Discourse^m iHte Sludtj offilaiural Plulmsojphy to’an 
account of ‘ the prmciples on which Physical *30101100 reliqg* 
for its succcs.sfnl prosecution, and the rules by wbicb«a syste¬ 
matic examination of Nature should bo conducted, with illus- 


< rations of their influeneo as exemplified i^the history of .its 
progress.’ His introductory chapters on this head rcitorcftc 
with greater clearness the a(|monition8/if Bacom; enforcing 
recourse "to experience as tlia sole fountaki or knewTedge, 
ilThstratiiig the dangers of prejudice, nnd urging the import¬ 
ance of ^reo*)rding observations *witb nninerical procisioit. 
Fatther,. he dwells upon the value of»^ Ciass^catiou aud^ 
/NomenclaturS* aUhougjli he suggestsf no leading principles for 
either process. In these jinelimirfary repiarks wo recognize 
the sagacity of the praetised exptrinienfer; but it is when ly.. 
comes txfanalyze what/»invo|^ed in tbo nofiouiof Cau^e, ami 
to state hie rules o^pfldosoplk^i^g, that we boconT« fully aware 
of the advance ’nyide in th* investigation of Nature /iyce 
Bacon and Newtdb,,and of thS advau^ge p(jSi3eji5ecl by tbo 
^poander of scientific methtid in having a large body* of, 
buc(jq.ssful observations ancl experyiients to genoraliac! from. 

From the dharacleiV ijnplied in the connexioi# between 
•cause artd effect; h§ derives f^ine ‘ propositions readil^r appli- 
eablo to particular cases, or .rules of pliilos<^)bizing»’ Four^f 
them,-the*Bccen^, seventh,'eijrhth, and ni*itli, aie the fbuK* 
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^xpcrimental ^fethods ;* winch ar^'sfcatwf with sufficient pre- 
^■ihioii, aftbougli not exalted into the prouiineniji ^iven Aeii' by 
.Mill as*the snlKcing and only methods of Proof. By 
Ilerschel in.fact, tl^e loifr rules are ro^arded^solcly a« aids to 
.DiscorferJ'*. the i(fea of Pr(:»)f doesnOTSC^itp haVe crossed 


luonuand oi Uilierence ■ tliat it iiu o«iiigrpup oi tacts tnerei 
be one which any assigned pAjuliarityi or attendai^ oircum- 
stance is wanting or opposite, 8ncl» peculiarity canfiot b^the 
‘pause we seel^’ The third ^s ^wc are not t<>deiiy the esist- 
qflco‘ of « 'cause hi favour of which we have a unanimous 
a<a’coincnt of sti-ong aftalo^ies, though it mhy not be apparent 
how shell a can so can {jd’oduco tlie effect, or ev^m though it 
may bg ^iilictflt to conceive its* existence under the circum¬ 
stances of the '‘ase —a majAm idJimtieal ivith the principle of 
analogy,, that we may sometimes infer the presence of one 
jilieiionioiion from the presence ot another,*although no c{wit<al 
connection has been established between them. As an example 


IS Atividiy luminous. The fourth Vule is that ‘contrary or 
opposing liicts are equally instructive for the discovery of 
causes with favourable ones* The lifth recommends the 
tahnlalion of facts ' in the brder of intensity in which some 


pci'iiliar quality siih^stH,’—peijiaps the most valuable art* of 
Di*>Ct)^ry. tJiis precept Horschel very jiroperly-appetida 
Ihaj^thc value of the device may he fnistrated by the interfef- 
eiirc of counteracting or modifying causes. '.Tlie sixth rule 
remind^ the enquire** ‘ that such counteracting or modifyhig 
causes may snb''iht unperteived,” and urges atte^itioii to them 
ns a means of explaining eiftjeptioj)s. * 

, ^ In some general reffiarks fiDllowing the enunications of*liis 
rules, he illus^:it?s the necessity of ctjii%bining Deduction witli 
hiduciiou iji*o(>mplicatod emfmaes, antJ explains the nature 
of Jlujpirical Laws, glancing at wie fact thjt'thoy^are limited 
in their apf^lici^iion to*ncw ejfscs, without ^tatiner more pre¬ 
cisely w'hat their limits are. 

The cOHcluding chapter ];reats ‘ of the higher degrees of 
Indnctivedei'^eralization, and.of the fcrViiittion tfndaverification 
of theoi4es,’ He insil^S that t?he assiHiic^J agents must be* 
ve]^ cawtyf ‘ sudl]^ as we* have gpod iuduc'tive grounds to 
belfeve dtv 6sist imnatnre.* The Value and fhe*te*st»of jwhypo- 
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thesi-^ 4fe p, ^ in its accor(Jkiiice the facts, anil it^ enabling 
ns ‘ to predict fjfcfcs bt 5 ilbre trial.’ 

Wheweil. The schiome of the late J^r. VVhewoll’s 
Or(janUfh^T}enov*atum (^nimends itsetf as ^rikingh^^through 
and exhaustive, ^t professca ‘|i revision aiia*imJ)rove« 

radht cf£ ^le^rtfethodriTby which Sq^cnce must*rish and grow,' ' 
^andc(>upoyia coti^rchensiMefHistory o? Scientific Discovery 
•and History of*.'' cieutifitf ]d( as. Nbw, tlieoretfcally,^thcr 0 
•could bo no more-prt*f8ct ^fayuf cla1)orating a body of maxuys 
for^he rtlil of tile distfoVercr, tlian to jiiiss in review, ehronolo- 
gically or otherwise, the ^rcs^t pli} sical di.scoveries that Iftive, 
bcc^i made, and^o study the essentials of the ^’oye^s in cajb 

The distingui.slung feature of ^icwell's sciontifle w^itin^s 
is his pcrsifjtent driving at a^ antitliesis that he couQQives to 
bo fundamonlal, betw 4 teu Tdeas^or Conceptions and#Farts. 
This antithesis is Mie shaping principle of his system and 
meets us at every, point. Jit regulates the divisioti' of his 
history into two parts ; the llisfor// of Scimtifio Ideas tracing 
the* gradual developmen^i of the so;C|iilcd ideas, ^ujch aS Cause 
Affinity, Life, that lofm the subject*mattcr of jiratioi^p departy 
ments of science ; f^jid the^History of Scientific Iftscovery^ Uhia- 
trating how by the instrumentality of Ideas (the* higliest 
generalities), and of Conceptions (the lower generaflities), the 


particular facts of Nature are* lyiited ai;|4 bound together. 
Th^ same antitliesis dii^des scientific method into two pry- , 
cesses. Generalization cousisinng not in el'ol vinf^«iotioj^from 
a^compafison of facts, lyit in •superinducing upon Ihct.s con¬ 
ceptions supplied by the mind. are two requi^itl^i to 

satisfy befofb tlTjs operation can bo peifected, namely, that the 
Conceptions Jio<,*lear and diNtiuct, and tjiat thiy be ‘nppro-, 
priate ’ to the h’acts, capable of benig ‘applied to them so ii.s 
to produce an exact and universnhaccordance: ’ whence there 
are two scientific proefisses, the Explicatum oj Conceptions oiyl t 
the ColTigation of Fai^t^ • • • • , 

' The gr&nd prpbJoin* of Styffee is to superinduce Ideiis iTr 
Conceptions upon-Facts. Ttie Jinsincs^ of the discoverei*aCLer 
familiarizing himself witji /acts, is to compare*thefn with cop- 
^ipptton after conception, in ilie view of finding out affer a • 
longer or shorter prpcpss of trial and rejection, whfil concep- . 
^tion is exadlly ‘ appropf-iatc ’,to*tho .fapts under hi? consitTor- 
ation. 'When tCe fii vffstigator has at length, by a hapj^y guess, 
bit upon the appropriate conception, he is» said td ‘colligpite’ 
the fifcfs,*to 'Ijind tj^enr ipto a unity.' t No distinction i# 
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drawn in. this opuration betwieon th^ generalization of ISotions 
fin4 the gepei’alization of Propositions ; J.he difference betweoi^ 
theln is incrgied in t&e one grand purpose of pr(icurinff for 
facts cloa^- aftd apj^pviate conception{% 

• If il difficult ^to understan’i,wAiat#he suppose^s to liave been 
the oUgin of the coi\pepti(|QS tlius &uptfl’iudufifld%iitoofl fa.^s. 
lie spefltis ot them as being stfMtck out i» the g^adufil rnarcR 
of Spence*'by the discussions and reflections of ^ucc^siye* 
thinkers, a view not inconsistent \V‘ith 'tttein- derivation from ‘ 
the comparison of particulars and tflfe *^graduul ov^u?ioji of 
jdee|) and pervading agreement^ But he says also that they 
a^e suppfic,^! by th^e mind, while facts are supplied by seifsc; 
asid the Ilingnago lio bplds^regarding the sitting of facts with 
^appropriate’ conceprious, is consistent only with the 
assumption th|it the iniuJ is a njpository of conceptions acen- 
imflatoil there iudcpendently^of the experience of particulars. 

By this initial severance of geueralities’from the particulars 
they re'ptise upon, he excluded fronv his .method definitions 
formed by the con»parison ot^ facts and the precise statoiflent 
ol coftiffiou feiitmvBS. Ho jiyther decries the value of Definitfon, 
^lul allov^s it*nc*place of lu^ionr in his Ex^cation of Goncepiloiis. 
^hc.meanin’g ol’a conception is, he thinks, (dtener apprehended 
froiftanhxiom than a definition—another instance of his total 
neglect of the distinction between notions and propositions. 

His ‘methods #saployed^tf the formation of Science,’ the 
title of the third Boole of the Novuln Organon, are three^in 
mii\jUftv, M&tiiuds of\jbservaiiofkj Methods of^ obtaining clear 
fdtas, a)fH Methods of LadudUue. As .a preliminary fo Obsej- 
viifcifti), he recognises ai 4 *An|jlysis or Decomposition of Facts. 
Under Observation, he discusses chiefly the rarfdei^''of obtaining 
•jirecis^ meafcmrerneut; he speaH!> also of the education of the 
senses, but does not attempt to lay do\yn any definite precepts 
farther than recomraei^dingVlie sftiidy of Natural Histoi'y and 
>*tke practice of Experimental ifianipulatibn. His Methods of ac- 
<miri!jg olear^*Scicntific ideas, a’^e neiiffer npre nor 'less than 
tile study of the various dej^sT^'.ments' of ^sqience, \Vhere thfe 
idofts*occy^r : the very picthod J^hat would bo recommended by 
a^preeeptorrelieving In the evolution of general notions from 
particulars. An aid to the acquisition of clear ideas is DiBcufg;^ 
sien. * • t 

We fimf no trace ol‘ tilip three ^eacling Experimental Methods^ 
ill his Methods pt Induction, nor indefed Gf any' methods of 
Pi'qof. H(f c('ncci»ed that his province was|,to iuruish arts of 
/Iiscovery, in so f|r^as anything, was o,f avail devoid* ilatural 
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sap^acit^; an^ he se*ems 4o hav^ thought slightingly of t£o 
^flicacy of cho^iree j^ethods as a means to the |it(aiiiraent otf 
new laws.* His principal arts of DiscoVery arc given uilue#' 
the titleTof ‘ (Special M^hodfi of Indifction*|;|.pp]ic{fblo to Quan¬ 
tity.” T^e Mfthod of UuTsves^s,q^dQvi^e for makin'g* aj^arent ^ 
to the §ye'tlieVesult ftf observatioi^ on the cohcoTnitautjvaria-’' 
tion of "two j>bononiena. * lt#'Monsists in drawyig a'ljurve of 
•which fh(i observed (mantities are t\io*Ordinates^ flie qu|iniity , 
on which the ch«uge*of t<he^e quantities depends being .th® 
Ab(^8sa,.\ The' Met%dU of Means is the familiar iilovice of 
eliminating the trffeots of h cqpstant cause from the conjotned 
offehts of accide*ital accompanim«ita by striking an average of ^ 
several observatioys. The MeJhod of Least Squares h a sonMS- • 
what complicated supplement to the ^Method of Means. ^ Wl^cn 
more than ofte mean is proposed, they aro each cornpaj’pd with * 
the series of actual ofcservatioqp; the deviatfons h'Ofn esicli 
case in the series are squared, and the mean is affirmed to be 
most probable, the^um £>t \Mhose squares is lowest im ‘amount. 
Th^ Melhod of Residues is the mSthod we ch^scribed uuder that 
name. ^ 

Under the title of ‘ Methods ofc Induction depending om> 
Resemblance,’ he illustrates the Laiv of Chwha*?///(‘tljaUa 
(juantity cannot pass from one amount to anoUiet by* any 
change of conditions, without passing through all ifttermediato 
magnitudes according to the fntermodiay» conditionstlio 
Mq^hod of Gradation, a /fame given to the process of provings 
that thing.s differ not in kijid but inifegreo)*> and^ jn the 
Jfeihud f>f Natural Glassification, enforces the impm.’tanc» of 
grouping objects according to tjieiij^most important resem¬ 
blances.* • 

Perharps tl^p most valuable , part of th^,Organon is fciie coi^,- 
cluding iBook on, the Jjanjuaqe qf*Science. Of this subject 
Whowell had made a spe#ial study ; ^ his aphorisms on the 
requisites .of philosoTJhical lanfruasre contain nearly all tjipt^ 
important points,^ 

*«.—ARI^F DISCOVERY. 

It was the distiactioj^ ^f Mr. Mill’tf handling of Logic*to^ 
lAraw a clear And broad line "between the Art and Science of* 
Proof and the.Art qf Uj^scevery. • The main busineSs of Logic,, 
according ^ him, is the prcjj^irrg ofi.propositions; only in an 
incidental way ddls it aid in suggesting tb^p. 

There in th^ laws of ft.videiice well ufidersld?)dj| a peyftor- 
ful indirect incitement to priginal disQofery. A thorougti 
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i^eaiifa of tofiting whatever iij ijroptfunded for accjeptan^ leads 
to tlio rcjyctioH of the false, and, congequcittfy to a renewed 
* 5 e^-ch, ending at laSt in tlie true, .For this rQ^son idone 
would . disc(Jvery ^ m5re rapid in ^tho IVfathcmartdUl and 
il^hy^ijal *s'biences, wliqre ^gjcidpation easy,^ thgiU in the 
Mcutfl, Moral,‘and ^Politjpal sciences,'wherd**1410' fiR ts ^re 
wanling'iu tjje requisite precisftiin. *KoplQr w'asig.ot Il^t in an^ 
doubts as tb whether be had arrived at th«. true law gf the 
pptiodic times of the planets^ {ffeyclTolbgists could not so* 
easily satisfy theraselves^is to the thoroTijfli-goihg cor\poTftitfince 
of itiind and body. 

.. The Arts^and methodsdof dDiscovery embrace (1) the Facts, 
tlJat )S, Observation ; and i2) the Reasoning^ on Facts, namely, 
D^duqlion, Induction, and# Definition; which are all compre- 
liendedin the one process, gcnerg,llzaiwn. ^ 

As upgiirds ^he accuninlatjon of Faitts, there is little to bo 
said, and that little i.s apparent *at a glance. Facts are ob¬ 
tained by active searcli, enquiry,.advi'ntuias, exploration. For 
some, we must travel fiir, and visit many countries ; for ofliers 
wo have td Jq? in. wait tilj ^occasions ^rise. For a third ctass, 
we*lmveto ftis^itute experiments, invol^ring contrivance and 
*V3v\ces, and CHe creative ingenuity pf thoi^practical mind ; all 
which i» itselt a department of discovery, the least of any 
amenable to rules. 

The arts of Obii^rving wgrC remarked on, in the Tntroduc- 
tidn, as being special for each dopaftment, and not a fit sub¬ 
ject fyr genovil logJA The pi’twjautious common to all kinds 
of observation, in'regnrd to accuracy, and evidence,"would be 
worthy qj’being recitedi^prqyided there could bo given a sum- 
oicncy of illustrative instances to make the dc^re& iiapressipu, 
^ From the ilimitaltou of the .human facukie^, the highest 
powers of observation ore* pot usually.accoBipaniGd with high 
speculative force. Hence, •amonf^ other consequences, atnot 
Lujinsual misdirection of the e!iergies of*great observers. 

Pasfj^'ng fr(^n ^he region of^cf, ^oiqo to the legion of 
O’onerality. •A number of inmu^nal olbsecvqtionv Being sup- 
poEipdi the next thing ig to disep^r agreements among them— 
to strike buf identities wherever tbe^JB are points to bo identi¬ 
fied^ these identities ending eklier in Notions or in Ge'nerri 
Principles? It may seem a^work rf)f xasji labpur to exhaust 
all'the facts of the matqrisl and qf‘tbe mental world; it is not a. 
less labdur, although qj a. different kidd, to exhaust* all the 
idmtities atftong facts. • ^ . * 

jJUhorfgh the laain condition p*f sucfess, is Urin^n'g* about 
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idoiiiitirf^s, is a^^ecnlifii* infottechi.iVaptitnde, beloneinj? to somo 
men in a pre-om^nent .degree ; yet there are*airif. methods,* 
and procai^^iion*!, An* ijicreasing the power. Srtmo oi’ tliSso* 
aids ar6 %uggest(f(l by iiy:oUcetual psychology’, otlu'Vs gr.ow out 
of the motjjodsmulol(led ii> logic.* . . * • ' 

^he tnethijffs'growitig out of the yvsychploffy of Ihi* ijifJI*lloc- 
tual pom^f’s aj»3 briefly the*se ;»^to possess the niiiid ofti large 
store pf tlys related facts; often, topeft^sh the recollecLipn of 
•them ; to come into frlbueftt jjontact with subjects that scorn 
liko^ to^fford corapfinsons and anafogies ; not to stand too 
near any one set* of facts* so*a.s to be overpowered by tllcir. 
spedalities ; not to be engrossed •with the jvorl# gb.ser.viqg' 
the facts ; and in general, as to matjters of great dillf(*ulty, to 
keep the mind free innn attit udeA <ind pursuits antagonistic 
to the end irf vk'w. , •• 

Newton alternately di/voted liipisolf to rnathemati«s%nd‘‘to 
the observation and collection of facts in the varioiis subjects 
of natural philosophy ; a.nd this alternation doubtless makes 
the perfect physical enquirer. * « 

hk’oquontly an ideiititieation* hag to bo embedded ihlsomo 
conception apart fronf'the facts ; as Kepler’s lavjs in njiinierical^- 
and geometrical statements, the law of sines,* See. Tn aucii 
oases, proximity to the sources of the conceptions wilt hel^ to 
bring about the coalition. If mathematical relations, the 
mathematical knowledge shoultl be kept^*esh, and so with 
other subjects. Those c?instructing instances alone give any 
meaning to WheweU’s much iterated aftfitliesis^^if Fjisi and 
Idea. The ideutilicatiou and* generalizaticfti of faCbs offtu 
happens without any ‘ idea,’ any ;;ent2jal form, or repre8et>ta- 
tive beyond thefJTacts themselves; there is no idea for a circle 
but round thiqgs^abstractedly viewed ; aud«no ides for gfavity,. 
rbut gravitating b(idica compared apd regarded in their points 
of agreement. In certfiin oilier citee-s, a^c®nception is obtained 
(not from any iutuitive*sonrco, bflt) from soine already existing 
treuerali^tion, cither^ if %ho sfme department, tir in another 
departmeftt* The*‘idea’ fd^ Embracing wat(*rwaves, aiid 
sound vibration.s, wds found*Dy NewfcQp in the ‘ Pejidnkiwi 
and apart from th? ftMiits 4h#mselves, no*bettei* ‘ idea * has yet 
^jfen'given. • • * 

The connexion of J3od^’ and Mind has its ‘ idea ’ y|t to so«k. 
JTliere has llitherto prevailed the'bad^dea of External^ and In¬ 
ternal. "In slior£,.flli 0 tnost suitable compan.<aqn wherein to em¬ 
brace therchition Jias notbeet)obtained fromleny soui?pe,intuiiitvo 
or othdK *One a^proxlmatioxi is a ‘ unioxLof distinct states.’ 
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^Tbe £\rriving at difficult^dontificiitiofis, that is, thd^mciug 
of.similarij;!^ fehrouded m diverssity, Ijy such ^cfovices as havo' 
betju* advanced in lo^lc with a more special eye to^proof, raa^ 
be viewed in the ^irst ^ace with rejjjird to*generalhcitiou as 
suchj no^ distintruishpi^ |iotion Trom the principle or 
proposition.* Wliatj)ei ta^s specially to the Inc^ction of«the 
fyoner{ll*proj 4 ,osition, iianieTy, th§ So^icomiiatLce qf dil^tmict prt)- 
pertj^s, is1)est considft-ed apart. 

• •Under the Deductive Jftethod (f>. 9^)*attention was called* 
to three»helps to the discovery of f'cifbitilitic.^—mujjfciplicption 
of •instances, close individual sprutiuy of instances, and selec¬ 
tion of t]icj loHst complicated instances. A \9idep view o# the 
ftvaiV'iblB resources must now be taken. We have to see how 
far tl^e thoroup^li explicatioii of the reasoning- processes, and of 
all thQ«adjunets to reasoning, c/illed forth by tin* cornprehon- 
8i>e lr)gic of‘Proof, can be brought tc^bear also in the striking < 
out of suggestions to be submitted to proof or disproof. 

The'hrst great practical Ic^s^n d^i-ivajplo from Logic, and 
sipplieable in a much widert^lu're than proof, is to imprtsa us* 
with (joubrality/IS tlie centrakfact oj' science and of all kitow- 
Icdgo tr 9 ,ns{ibn/ling indivutuals. After have gained posses- 
. iop of a ■ certain range of facts, the next great aim is to 
generalize tlmrn to tlm uttermost. This is not all. In pro¬ 
portion to the compass of any agreement, ought to be the 
y>a'ns taken with it, and Ua* ])romineuco given to it. Wo 
liiive uri-i'd, under the Loi,nc of Metlicine, the prime import- 
ance,ajf geiipnilizing iho Di.sea.se^il Processes and General Thera- 
jieuties,‘'because of the wider oompas^ of their application. lu 
ov^-yihing else, the holds. The biologist should take no 
rest until he has exhaustively accumulated''>inirlanpes of the 
great* fact gJT Assiyiilation, under every possible variation of 
circumstances. In like fnanner, the physii;:^! concomitants of. 
mental processes need to be seau.'jlied out in all their innupier- 
gble modes, in order to rise t(» the generalities of thp connexion. 

Tlip sovoi%st-*ctiguette of t^o raise punctilious system of 
tanks and (hgnities in societj^^is as nothing, compfyytid with the 
gcaduation of estimate and of rdSpect to bft showu to generali¬ 
ties of »{iflt!ront grades. It is a grave bgical misdemeanour 
ever to ^j^ive an inferior generality precedence over a superio”, 
or to trefit the two as of .equal /Jonsequence, or even for a 
nIomeut*to be UTiawq,rewof thetr rplalive* standing. Wo may 
give alf due constderatioq to tbb pheuomei.o]i of falling bodies 
afc^a wide fact coipxtensivo with the surfacq of the earth ; but 
'in pi*cse\iee of th§ superior sway of the law of gravity through- 



•value of OBDKR TIND METHOD. ’ 417 

A 

out tb^«solar systenf, 4;he "terrest^al Tact must sink into a 
second place iif f>Hr esteem. • , 

•Tljc uoxb ^reat application of Method, arfan aid k> discoveiT* 
consists.i*» tne of tfie various FoPms or^ Fonimlities, ela¬ 
borated with a vyo^^ to is the largest p&.r\ o^ the 

preset subject.*, • • * * * * 

, ■ iiogicijv’li hfi^e alw^s stfil-ej^^io s^ fortft the valjie of*@rder, 
method, and eiplic^Jtness, in complicated*statementi^ Hmnil-’ 
Jt^m's dictum—mak\iig*D.tpliait in the Statement what is inifmoib 
ill the thought—has b#ej» roceiTed as a happy enunciation of 
one fiTnctioTi of logic, Mr.‘Mill remarks,—‘ One of the greht 
‘u.ses of a disciplinfi m Formal Lggii, is,to make u^awty'e when . 
something that claims to be a single propolition, reaWy con¬ 
sists of several, whieh, not being n^esaJlrily involved one 
another, reqniiie to be separated, and t& be considered eft^ by 
itself, before we admit t^e coni|)ound assertion. * • Thi^ ts the 
disentangling or analyzing fmiction of the syllogism, and is 
deservoilly extolled as perhags its highest utility. Jt is d 
direcLremetly for the* weafcncss of*the mind fiormerlv adverted 
to (p^98). . 

We may, however, go farther bacl^f than the.e^osition of 
Syllogism lor valuable aids growing out of the logTcal forms^li-* 
ties. All the Equivalent Prdposiiioiial Forms are instruTncnial 
as means of .suggestion. They enlarge the compaSs of any 
given proposition, by unfolding ^1 its impli^tions ; many of 
tlieso not being disposed 4o rise tb view of themselve.s, ^oP 
withaut the stimulus of the for/nal enun<?intion. ,«Of gJLtho 
modes of F(<|ui valence, probably*the Obverse i* the nioft friiih- 
fultind sugge.stive ; this Itas become aeimrent on many ocoq.- 
sions, in the (*()u;i»e of the prosent*worK; we may instance* 
especially ril^gativefdefining. Next in value4^ Conversion f the 
oonverting of A**by its legitimate Torm m a check to the blunder 
of supposing the subject* an(^ pred^ate c^-extensive in nni- 
versal affirmations ; and Ihe arresting of flie mind on the road , 
to ini pend’»g’ error seld^siii en<^s there, but fs ako a stt^ft in 
the, searcb-^or truth.* Ej^en the ijimediate iuferenflj; from tho' 
Universal to tfie PAr^ioular is gi^gestivo of facts not preyiouJ>ly 
in the view. ^ • *• • • 

Mucb could b(j said as to*tlfe unsystematic but wide-ranging 
mSfte of Equivalence by Synomyous .terms, or by varj^hg the 
• ways oT exprasshig tiTe ^ame proposition. Althonglf some* 
what ensnaring, thi% is .a fruitftil and 'suggestive opeftition. 
ItSgpower consists in reauscitaj^ing from the sjtft’es oi^ the pasif 
all the v%rio«s 'kiio\^n examplefs of the proposition ; to'whicn 

2V 
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'ology gives ... - ^ 

Buporigr^ inSigbt, ,• The Shakespearian wisctem, tlia «tirring 
“apotliegins of Pope, hjive fbeit sqprctf, nSt in the scientific 
procfss of the iutellejct, bij^ in the suggestiveue^ of exahcjfant 
phrasdblo^, 

TJje Methods of IifDUCTiVE Elimination, botB directly an.d 
jodirectly assist in Discovery. Tire cd^ltctipn and comparison., 
of insta^ices, to comply with t'iie rnettHod of Agreement as a 
method of proof, will in many jase?! lead to new and improved^ 
• gonprulisa|io«s. A man cski scarcely go tfifough the labour* 
requisitfi for estatilishin^a law of high generality upon ade¬ 
quate evidence, without adding to his knbwledgo of the law. 
Espcoiftlly is this likely* to happen in working the Method of 
A’greffnKciit, whose exigencies *are e^^^ctly those of inductive^ 
discovery. 


The’ f?ame remark applies tq thp union of Agreement in 
Absence with Agreement ifi Presence ; and there is the addi- 
tipn 1 il*forcc and'Jincisiveness that always belongs to the working 
of the qegfftiiie side. > * ** 

« The metho'd of Residues, to which Sir John Herschel called 
spbciaf attention, was by him expressly commended an aid 
to Discofcry. 

• The importan»%of Concorajtant Variations has already been 
signalized, and will bo again referrtfd to. 

,Mi^lt(,hou*»dwcllitfg farther .jon the specific virtues oi the 
Avoral* methodic, wo Would call attention to the value of a 
c^nj^hito scheme of Ip^luctivo Proof, in urging a search for 
'instances to fill up all its requirements. He that has thoroughly 
mastered fhe explsrimental methods, dcsirps to bring up in 
favour of every important principle a seriek of particulais 
under each one of them saparatydy; an operation as fertile for 

• discovery as it is th 6 rouglugoing for ^roof or disproof. 

The remark is not confine^ to the^methods of experimental 

* eliminatioB. The greater lAimber of ptonbsitions oi* laws may 
deiivo.evidence through the I^atlnctivif ^fethod, and through 

, Chance-dhd ProbabiTitj alsd. The wis^iv-o satisly all possible 
methods of establishing a I 9 .W is a’ whclcsprao stimulus to 
enquire* after the very facts that improve the character and 
'extend*the applicatjpi^of the lav^. ‘The consilience of Induc¬ 
tion and Deduction Is the wry highest art that vhe human 
'^utollcct^^'an cojiraand, not merely for prp’ving difficult prepo- 
fiition^, hut forgetting hold of propositions to be’proyed. 
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All flhis is *9 .repeat in anothA* shape, and ^ a grander* 
^)here, the function ol** the Sylkjgisrn iir insisting that th6re* 
should be produ^jed aii*explicit major and, an explicit .minor 
premise in atiy jiretendAl raliocinotion. ^ery imlithtire • in-• 
stance shoakl b «4 viewgd in itS p?oper •character, by reference 
t(^ tAe meyiofl that it snbservcfi, .^^n instance of Agtecraent 
should be givAi as silch ; a Deductive proof shouTibbe quoted 
Tlndei^that'descrip^ioy.* Ifjvhe Logwal rules are not arbitrary^ 
T:)ut founded on a corr^c^ anal^is of tlie 8(!ientific pcocessos, 
the eonscious reference tck tliem, on all diiferent occasiofts, 
must be a relief £»fd a comfort ^o ^he jierplexcd (yiqumer. 

Tlie Deductive operation, understood not formally as in’th^ 
syllogism, but really and materialas 4n finding new applk 
cations and exten.^^ioris of inductions," is a pure genei;jyiznig 
process. It consists in identifying particulars wftli otliey pur- 
►ticulars, exactly as in tlffi properly* inductive operation. It is 
the same inarch of mnid continued and prolonged. A® induci 
tion so called is meridy a dertaiu C4)llcetion of particulars, with 
•a geireralizt’d expression siipcradded ; deduction is the bniiig- 
,ing iti of new particuUy a.* The diflt?t*§iico of the twb is uot fn , 
the mental operation ; it is in the end that is %ftrved. The, 
inductive particulars^re tlio.se necessary for giving the gen¬ 
eralized* expression, and for proving it as a law of nakiro ; the 
subsequent deduced particulars, pot being j^quired for cstQ,- 
blishing the generality, receive *111 ftmination from the otho^ 
clas% In both cases the eff'ort of discover is idcj4icalj|it is 
the bringiiig together in the niiftd by the forca of resemblance 
a lyist of particular facts from all times, places, and subjectg. 
Defore the induction is gained, th# pifFticulars contribute to* 
its egtabliskmeut ;#after it is gained, the n«w particulars, are 
ryceivors and net givers of benefit. • 

• The processes included under D^lNiTiqN—the canons for 
Defining, General Namipg, and Qlassifioution—are processes 
of Discovery directly, andpf Proof indirectly.* AV*. Mdl palls 
them subsidiary to lequction,* yeaning Inductfiye Proof. 
Every step*indicats(P ijnder thgse several heads has an imi^le; 
diate efficacy either suggesting^encraHtics, oi; iufiurifying 
them from ambiguity, ^erpieJfity^ and confusion. It is impos- 
sillhe to*make a single well concerted, move in any of the paths 
.marked out it^ these savers,! Tlepartmonts without gaining an* 
01 :yargemept vigws, or th6 rjleahs of'dbnie future entarge- 
ment. 

Everything of,tharnature of*an antidote to Inadvertent anof 
confused Viiiukiner, ^verythint; that reduces ibformation to the 
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«}iape beat suited for recoWection and refereijoe, evei^dhing 
/.hat /acilifatV the cdmparison of resembling facts—must bg 
enrolled anii^ng the ineaas of Discoveiy. T\^eso v^irmus ends 
^ro. e«plfcrtly aim^'d at by lilie pVesci^ptioua contained under 
Defiijtion, J^aming, afid ClJssiTicalion., To /ubstanfciato the 
allegaUon would bb to • rel\parf|^ tho metCois ^explafn^d 
tmder thoao•heads. Tilie arnassfng of pai^iculaA, positive and 
negfftive, with a view to Belinitioi^ isiho express xct ol^ gen¬ 
eral izatipu, and brings ^with it tliscov|!ries oT.conconutance, as 
well .as generalizes notions. All ,lhe devices ol'Niiiming are 
‘.intended primarily to ease anUl assist the*rndorstandiug in 
{friiVin^'af new litiths. The machinery of Classification is still 
more strikingly the oconeryizing of the faculties in amassing 
iJiul iTi^manipulating knowledge. ^ 

•Wl^n the* gen oral iziiig process has expres.sly in view the 
discovery of laws, or arncufriiui profferties, a most material* 
help (q^ formerly seen) is ailorded by I’abulation, espe¬ 
cially according to a scale ot decree.* Fading this, great stress 
is a]jv 4 iy» laid npdn extreme instances. These are the gfariug* 
^ afld stiikitig instances•fX’ Ilacon jfnd^Jfiersehel (see thC Rc^ 
'search fm.lK'w, p. fiS). *The method of exhibiting gradation 
by^CuJivos is considered one of the besii w’ays of suggesting 
numeric}/ laws. • 


^^1r. Darwin luw given an Recount of the steps that led him 
to propound th^ (loctrinc df Development under Natural 
Selection.^ It jdhtfds an interesting commentary on thojfore- 
(juumeratjou of the cauSos that prompt original suggea- 

tiyns. 

, * ‘When I visited, dttring the voyage of Beagle, the 

Gal}jp!igosj^Archit\plago, situated in the P:*cific Ocean about 
500 miles from fhe shpre of* South America,*1 found myself 
Burropnded by peculiar tjpeaies of birds, veptiles, and planta*, 
existing nowhere e1»'3 in R^e W(?rld. ^Tet they nearly all bore 
an Ameriet|)a stamp. In the sonf^<^f the nioekin^tbrush, in 

• the liarsh cry of tho carrio^^nawk, in«th^ great candlestiek- 

Idce opuntins, I clearly pei»^eivcd .neigiibSurhood' of 

AmeriCa^though tl:^ islands were separajjgd by so many miles 

• of ocean from the «mainland, tfnd cliflered from it in their 
geologtQal constitution and climate. Still moVe surpriaingf;fa 3 
the fao4 i-hat most of the inhabitaijtfl of each s^eparate island 
in tbi* small archipelh^ webe ^etifically diffprei^t, though 
ijlosely r§lated*tf> each other. The archipelago, with its innu- 
ifierable ‘craterq^^and bare stredms of hivK, appeq,red to b^ of 

. recent origin ; and thus 1 fancied myself brought he'ar to tho 
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very ftftt of cyreation.* I ^ten ofked myself how these many 
^peculiar animitls? and plants have been produced # the simplest 
answer se«med to betiiat the inhabitants of the Several island' 
had cfeScended^f^om qpch other^ uuderg(3tng m6diDcjitiou in 
the couF!^ of'thoiV ifescetit > a^d that all tlje inhabifiiiits oT. 
.th# art^hipcti^d had flesc^i^dcd fron those of the neaycs*^ land, 
namely*A meywca, whence coleflists would naturidly have been 
•denned. , But it Jong^remaincd to jno an iuexplicaijle pin)blom < 
* how the necessary •dogro^ of modification could have been 
effe^ddd^Vnd it’vvouUl have thus reraftined for ever, had 1 not 
.studied domesB<j producfioiig, and thus acquired a ju?it idea 
of tho power of Selection. As S(Jon«,s I h:yl fuMy joalized this ' 
idea, 1 saw, on reading aMalthus oy Pypulation, that Natui’hl ’ 
Selection was the inevitable resuft«oj,' tlio rapiil increas# of aU ^ 
organic beiii^s ; for 1 was prepared to appreciaic the druggie 
for existence by haviiig huig studied the habits of iiifimals. ’ 
(Ih mieslieatiou, vol» 1., p. ‘Jj. 

Tlironghoiit the «ntire*logi«al scheme, tha utittlt/iic separation 
aIrthdy insisted on, is an iuvalnalilt* help tfvtho fueulties under 
^ tlii^cnin])lications of iiatiii’al plifnioiyyiia. Tf^ciiidilc us*t3 vyow 
separately whatever "can be separately viewe^.is the motiv^* 
for such artiiieial^divibipiis as Structure ami Punctioci ha 
biolog 5 % riiyMcal Side and Mtuital Side in ps}'eli()h)g*y, fJl’der 
and Progress, Tlieory and rnu’tice in politics, Conservation 
and Colluciitioiis in cause and •fi’gpt, Descai^tion and Llxplirya- 
tion everywhei'e. • 

The process of Invention in/tlie Arts tfnd busifthss is 

amenable to the general.rule ot kee[>ing tlie* mind fi'cisli n^oti 
tlie most likely sources. The niqiie process in {tac¬ 

tical coi^trhctfyns is e.xactly the same as in t|io solving of 
geornetrreal yr other probler\is. Certain* data •are gA'eii, a* 
certain construction is i^pquired ; there is an intervening dbasm 
that has to be bridged. Tlfe habit of yifalytical separation is , 
of avail in this instance also. Ihe mind shyuld steadily view 
one poinF at a tiniq, ^ftiw'in|f out comie.xions*)vitli each by 
thins. Tlnpj, to.taice il simple;^ometilcal cunstrifction : given 
the vertical aiiglM Ihe basft,*aiyl the Jiltitude of a ti-ianglo to 
cons^iruct it. N(>w •t4o**ba<ie is given, S,nd y/S have to toljow 
file deduefions and implieJatiuus oi the two oth§r data—• 
altitude and vjLn’ticiyl yugle— with* a view to arrivy at snm6 
•^known process that wilf constrirct tl*g itnangle. *Lek us con¬ 
sider separately .It’haf the altitude will siqggest. Wow, a 
Certain lixed.-allitpdo impliefi that the apextil the Triangle mil 
lie soniewfiere*in a linji para),lel to the ba^e*; consequently, iC 
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we drawsuch a parallel, we^imit flie pldce of th^ apex’Ao that 
Tarn tieifc to .the given angle.., Cousifioring how to 
erect’upon a‘given base % triangle witUagiven veiiical angle* 
we arj rcyivhdecl thh,t upon jj^e given fease ijiay be constructed 
an are of a circle, sucli as wi*i oonffiin lha't arl^Ie. , The next 
step Is to find a means q£ constmcting the [frc^er afc; •the 
operation •discovery^is exacfly the sanjre ; au^briilj^s us at 
length to some consirnctiQn that we can p^jrform., W(»then 
’uTilLo our two threads hithert|| fSllowetl out in separation.' 
Tliy paraHol line first sfiggestcd, and the arc'next fffthd.out, 
Tgive by their intersection an a})cx the des^ired triangle. It 
is^ouv pi’j^viorft ki«)wledge €iat must forge the links of Con¬ 
nexion between what js given and what is^ required ; but the 
analytic habit concentniitfs* the attention hy turns on each 
datum ••and qjLch outgoing froui it; and this is*[)robably the 
utniosr that mere art or metjtiod- can ote for us in constructive 
inventions. • 

The uncertainty as to where t(? look, for.the next opening in 
discovery,, brings "the pain of conflict and the debility of 
iud^icisioii. ./I’hifi is a fit to Uo met by the colleutivo^ 
l\'isdom ef a generation. "There might*at intervals be bold a 
dhngress on the condition-of.science,questi^i, to decide, accord¬ 
ing to al^ the appearances, what problems should be next 
taken up. 

.Lessons may bo^rfivvn frpu%the liistory of Errors, as well 
as of Truths. All the Fallacies are Ijcacons both in discovery 
amkiiPprooT.* Every source oftconfusion is an incubus on in¬ 
vention. i\rore particularly, tht excessive devotion tb the con- 
crc<b, and to the artistioSnly ests nourished l)y it, may amount 
,to a total disqualification for scientific originality, v^iose very 
existcTice is h) the Jomain of alpstraction. • ^ • 

CeVtain widely prevailmg tendencies of natural phenomena* 
have bden indicated ft^of virtue in^rompting discovery, i^ch 
lire the Law of Continuity, ahd the maVim that Nature works 
by tb» Simplest Groans. Both^tbese?’ principles ai*c*^*uncertain 
ju t^eir scope; which, howefe^, does hotippevei^t them frohi 
being used to fpve suggestiong; Ifr only disqualifies them from 
being conclusive evidence. If w# gre aarefiil to verify our 
hypotbefijps, we are at liberty ti^obtain them fiom any aouroq. 
Still, the,inind that has become largely ^.conversant witli the 
ways of^nafure will firw^vnany niorc Iruitbil sources of sugffes- 
tiqu than either pC those {g'iucipTes. ” 
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JiECITAL OF* FACTS. 

I. —ifilSTORICAL EVIDENCE. ' 

Twi) Jeildiiig^branclies of^ Evidendb, apja^ed in*practical life, 
are Legal Evij^ent^ auft Histuri^l Evuleuco. Tht^l\vo jiepari- 
have iiv»ch in ^onimoii. *Tho evidence l>otli in cqpirts of* 
law an^*iu*maiters of Witory is probaCle, and _appi*onclieS to 
certainty by*?lie ^unimation of probabilities. 

TBe ff/ilowing' aljste’acti of Hist*brical Evidence rcprcscut* 
the niq^ms in. nsc «,pjoi)g Ifistorian^ at the present day, as 
euiAniarfteJ by Sir (j, C.•Lewis. 

The object of History is the recital of fjfcts—of c<rents tfiiit* 
have actually ocewrred. , • 

In the ca^ of contemporary histo^, the writer may,be alile* 
to rely uiion bis own observations, or upon orij^nal (lo»nments 
obtained from authentic sources. Personal knowledge was 
the basis of much ot Xenophon’s Anabasis, Polybius, History, 
Ca 3 ^ar’s Gaelic W^r, aiid Lord Clareridt^i’s History of the 
Rebellion. But the greater psyt even of contempoiliry* kistory 
must rejiosc on the W'iJeiice of wlf^sses. ^ • * I*" 

To a historian, not himself cognizant of thdbveu^s he^usy- 
rates, tho sources tif infbtmaiion fall under one or«otiiar ot 
two classes :—(1) Monuments, ruins, coins, and gisnerally all 
ancient remains ; and (2) tlio^*ividence o^Witiiesses. E;-oin 
tho former exclusively im derivetf whatever we know of tho, 
pre-historic age ; in the saniQ as gfiology 4 % budt on in¬ 
ferences *Ii awn from fossils Vid the iiatuKj and of 

iincks. It is only with regard to histfory resting upon thck^es- 
timony of wjtu(^ 8 ses that rules ortffi^rical evidence apply. • 
•Tw’o frt)ints demand the notice of one »ceking^o verify 
alleged histo'lcal fact, (1) Does tke oviiieiice of the witness 
bxist in an authentic sBapo^ and (2) it true ? The tirst 
reg'ards the accuracy wherewitli*tlie evidence has been tran^-' 
mitted to»Us; the sec^i*d, tlj^ worth of life o^idonce itsejf. 
’^'be me^ns of km>\vtudge of t 4 e witnesses, thC. goodness pf 
themmemoty, tliejiv judgnj»flt, their general veracity, .’tlieir 
.special interests,-t^Lje a|l to be bonsideled. Tbis #fce*historian, 
has ip common with a’jflr^ 01 ;^ a judg^ except that he has fo, 
9%al with men long since dead, and whose charactel* there is 
mord or less dilBculfy a^certaiping^ What forms*tho peou- 
•liai* bubj*;ct-mattei^of yules*of* historiclif evidence is nftt there- 
Ibre the worth of‘the evidei^ce, but‘the acqptacy (ff its trans¬ 
mission.. • * • • • • • ■ • 

The supreme, canon *of historical evide^ice is that all teat^’ 
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fdonj mnst be contemporary^ or received dirp(jtfy or tffroogh 
truitv^orth^ V^Citiorji from conteniporaft: es. * Whenever anji 
event is rolafccd in bistonses written after th^ tinfe,,aind not 
^vowcJry*founded*on contemporary «t®stynony, the proper 
mode^f testingnts histdrical *tirdUibmty to ai^quii^ wjie^er 
it can traced up td a colitcn\porf,»y source. tljig cannot 
be done, wa Innst be «ble to raTse* a pre^umptiSa that those 
.who Transmitted it to us <n writiijg aecjpived it, direcrty* or 
through ji* trustworthy ,traditicii, frop# coiitpmpoi's^y, testi¬ 
mony., If neither of these conditk)ns can be fumled,* the 
event must be considered as^indurably uncenciiu, and beypncf 
iTeacb* bf eur Victual* knowledge.’ (Lewis’s Methods of 
Politics, I. 270.) • • ^ • 

*rhi^ rule is universally’recognized as inclusive; whatever 
is esiaf^sill'drby such testimoiiy is credible. There is not, 
howoter,lhe same unanimity,tn aclmittifig it as exclusive; or that 
whatovei; is not authenticated by external evidence is uncer¬ 
tain. A stringent application of the ^ule lAakes such havoc of 
anoievt, hi story, that many learned men have been tempted to 
^cxot’cise tlieir ingenuity ifi'trying to*^iiQk out of the masS of 
^adition‘sonic'■‘certain ind*ications of the true course of events. 
Tliejsame impulse that first led to* the iifJ’ontion of fabulous 
history—an inability to rest content witli a background of 
historical ignorarnm —now niisleads critics and historians. 
They expect by a ^ecies of liistoricAl divination to strip ufi' 
the false atjditions rl^o the anqient stories—to sift from ‘.ho 
grains of genuine facl‘ Yet it would seeni if the 
utrapst that could be gained would bo*t.hat the event vauy bavo 
happened as supposed. •Tv'prove that the eypnti did happen, 
nothir^g can^makc jip for the want of exta’nal attestation. 
Internal improbability mi;iy enable us to doubt-or disbelieve 
an alleged fact; iutej-nal.pt^bability cannot fissure us that the 
fact was as alleged ; t4io only decisive evidence is the teSti- 
iSony of credi^ile witnesses. , > , 

• The*diff’crjBfice between the^t^rnal aLn'J. the external starn^- 
ards evidence appears reraark.'t|;^ly in the t*e8alts 'of their ap¬ 
plication.* wSir^G. 0. .Lewis, refusing to a^’mit internal con- 
shitency or plausibility as a warfaiSt for belief, rejects the 
accepted* History of Rome, down to the war with PyrrhuO* 
Niebuhr, the other band, diviflea this period into three 
parts that, in his opihtou, difflftr grcafly yi historical value.* 
The era of 4lornii4as and Numa (80 years) be considers wholly 
ifabhlus Tu^us Hostilius to the first-Seoess;on of the 

;Plebs (170 years) !s rnythico-lfistorirtil, a twilight of fable 
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andfftct; frotj^^the ^eceslion the Pleba <o the.war With 
•Pyrrhus ^(213 y*eara)-is sd!id history. ^ It wbuW.perhaps life 
tooniu^h<to c^idemtv Niebuhr’s ei^orts on*tt jfl'iori groutidf.* 
To what extent % lic^ase of gu^sing mfly be pfirujitted will 
best be s§eu wjien’it has •beoti -tUMcd by ddVerpnt men. • If tltfe, 
•lieJult sbpukllje a genertjjgconcortiance <)f opinion, wii^might' 
reasonably kffer tteit the*a*cicnt narratives, Q^thoul^h they 
'cofl0^al, •nevertUfelossi, betray the, truth. If, howeveit this* 
method lead to itrc5^ucileab|p and endless diversitj of opinianj 
jt nHUs^aease to be re|arded as valiftible or triistwcTrthy. 

• J^vidcnce mt^be transraitkjd in two ways, by writing or by* 
oral tradition. These may be c<>nsidered gepamt^I^k. , , i 

The value of a^written memorii^ ctyisists gcnerafly in this,* 
that its credibility is not impairi^^by the mere action #f ti^ie. 
An Engli.sh rnatheniaticiau vamgd Craig hel(^ that<»ll Icsti-" 
mony was enfeebled Ify mere lapse of time, and tlnis*the’evi¬ 
dence of Christianity would at lei^glh bo reduced to zero, 
Assainintj that tha* evcml would coincide with the %nd of the 
world, he calculated when the end woald oorne. Laplace 
adt)pts the samevic^v, and sa^ tlyibeven iu sp^tg of jlnln^ing, 
the events that ai'(‘ now nioht cui^ain, 'will, Ml the, eoni'se 
ages, bceomo doulililnl. ^bit this must lie regarded as an err^r. 
Tlie ^nly deterioration that a document can snifer ll’om*mcro 
lapse of time is the increased diiliculty of weighing the credi¬ 
bility of the writer. ,A raemoi^al has none of^ihe 

disadvantage of a statement handed donn orally from one* 
person Jo another, and losing value at Vaeh tU'^nsiW^iiim. 

• Yet the evil.s of tranamissioli are ncit wholly overtlorno dv<m 
with written records. Two donJjJsijmay ari'^e, (1) whether t!i© 
writing«s ascribed to its real author, and (2)whether it is ITeo 
from inlcrpijlatfon and mutilation. 

• ‘ In many ea.scos the* original mirfnorial is preserved ;* as in 
ancient inscriptions upon ^tone,*bras^ \)r othei- durtible ma¬ 
terial. ^cli are tliq^ in.scriptibns, in the jirrow-hcaded ebaj* 
^acter, on the JlrJbv’loiiiaii •bricks, and on Either Assyrian 
monuraente ; tho hieroglyphic engraved on remains* of^ 
Egyptian arehitdtture ; ami the nuu^erons Greek jauch Latin 
inscriptions found fhwdtfierent parts ot,A.sia Mindf, Africa, syid^ 
^Europe, and belonging to diflerent ages. Ancient coins, with* 
then* lege^jis,*are an eg^ei> original record of the sal(pe kind, tis. 
well a^his4oric|bl sculptures or paintfQgs, such as the ^as-reliefs 
^on the column ot Tftijan, or the Bayenx ji^pest^. Ancient 
documents,•'l\)£evise, containing the autbeatic recQrds of ilhn^ 
important events and*publi(iacts, are pr^BA*ved in tte original 
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in^iational archives. Such, f#r instance, i*s Doraesday-bo#k, th© 
foils of PfU’liurnent, cpurt records,* chai’iers, ana other official 
ftgisters and tiocitments J^ept in public flepositories.*^ (Lewis^ 
1 . 201 ^:. 

• In authenticating book.s iincJ d«cuftients, whqpo safe-keeping 
is nofl^f^ecially provided ftir, ^rea^,flifSoulty is* otftep^expfri*- 
e^ced. m§re tradition regarcMn^ the ofigin Of* a document 
would*be exposed to nearly all the ^doujpts tliat attaeh tt^oral", 
tradition. Hence the importa^^co of fijchiVes, chartnjarics, 
public libraries, and otlfer .safe places of deposit, vuSiich^ar^ 
under ^Jie care of trustworthy guardians, ap|i§inted and cpn-* 
tripled by» pul^ic jyithority.’* The law of England requires 
that written documentij, ho/ore they can be»tcndeved as evid- 
eiKso, he produced from the^^roper place of custot^. 

The ^ffieulj^ of ascertaiiiiu^ the genuineness of ancient 
boo1<s, fb forcibly illustrated bj" the coiffroversy regarding the 
Platonic Dialogues. Until the close of lafft century, thirty-six 
diali)gues*were attributed to oi^ the «iutbority of Thra- 

syllus, whoso list dfttes from about the commencement of the 
Christian er;w As, liow^uer, •Plato •died more than thfeo 
■^undred yeari^jyefore, thetjanon of Tlirasyllus stands in need 
ol^crtrroboralion and support. Mii,st of tiho German Critics 
allov^ it* very little weight, and test each dialogue *iipou 
own evidence, external or internal, but chiefly internal. This 
nnqvoidably gives ifiie to groat (iivorsi|y of opinion, and there 


•IS little agi’c'cment as^j^o what ou^ht to be rejected or retainod. 
Ast, ilKfc^lcasff'Span tig britic, leaves only fourteen out pf thirty- 
six.* Mr* Grote, oil tho otiier haudf discards the Germatb 
eritidism, and putting stress upon the, indications ol 

aulhovship coiitained in any reputed dialogue of Plato,'searches 
tbr moVe deefsivo evidonct', so far as it can* be. got,’ in tho 
history ot the books mentikiicd by TkrasyHus. 

, Plato died ii.C. 347, hyd iet f his wbrks to the care of the school 
•continued ander !^enophanes and Sp^usippus. do not 

,])ossess«any li^? of their master's ^vorks reading on their autho¬ 
rity, and the tirst solid groiuKrwc roach (;^ipai«t froon the few 
iueidcntally^nentioneil wr alluib'd toby Arisfijtle) is an extract 
, lr<ini^ the works bf tbe*^jrainm.iticiw Aristophanes, who lived 
'at Ale.\aiqjria from II.C 200 to'B.C. 184-. He'comes thus a** 


ot these are meut^Qued by .Diogenes Laertius. They are re¬ 
markable as. coutaitfing the names Cf some of t,he^cmi;ipositioiia 
tpat are least acceptable to the critics, aud that would bo hard 
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to vinj^cate (ja intcrnsil evittenco.^ These are Leges, 

JMinos, Epistolfi^, Sop^istes? Politicus. It w()\il(i 4 g interest^ 
mg to ku(iw wliat means Aristophanes Lad*of distinguislflii^ 
the genuine Irotfi the sguriows works, if any such then )i>xisted. 

tvi-p ceftturtes *afte» tly; .Jenth .of Pluto, the *Ac^dem)^ 
.^al kfipt u^^iSta philosonhieal sel^jol, wjth an ufibrok3k suc¬ 
cession T)f prasidente. Tife «Rief treasure of tl^e scfiflol was 
thew Mtorkg of tho,»mas|^cr. It cannot Re too muclt to u^sumo 
* that there was pi'ovlfied a^ifg custody for the MS^. of Plat^>,* 
nnd.a I'^ly rae'aus o? ferifying any ftileged works. ‘Plato is 
better otf in tlii^^ccspcct ifi iu^iiy of his groat eontompfJl’anes,. 
Socrates, Demosthenes, Eunpidef, o* Aristppha^e^ • , . 

Aristophanes, the Graminatious.^wa.s heail of th(^ Alexan¬ 
drian Library. HT; was taught bt«(^^Ilimachus, who pr^'ced^id 
him in the office of Chief Libriy’ian. Callimachus is tlittauthor 
of the ‘ Museum,’ a ji^noral dc,f.cription ot the Al»xHi\dnan 
Libr.ary ; and less importauiVuthors than Plato, as e.g. Demo¬ 
critus, are ineutiongd by*lun*. It. is thou highly jirolf.iblo that 
sucR a library as that of Alexandria would contain copies of 
^ oin* of the foremost Gr#ek pbilospnhers. ^lul, con.'tideriiig 
the ease of verilicatrdu, it is most Jfikely thaU tTie Dibra^iaij^ 
would assure liiins< 4 )i’ that^his copies wore authentic. , « 

Th(Ji*e were, in the time of Tiirasyllus, sjmrious dialogues. 
Whence came these, and by what critei ion did ^lo discard 
them ? If Aristophanes and 'Wir^isyllas (»#lio appears als« to 
ha^o been connected witfi Alexandria) depended upon th^ lib¬ 
rary there, they must be allo\ffed to speifK with ^’catj^^jiglit; 
but if they proceedetl wh.olly or partially npoif internal^. vidcTfce, 
they have less claims on our atteii^jgj^hau the betler-equipped 
modern (yitft*s.*^Mr. Groto supposes that the spurious works 
were mirde fey’ the demand in Greece afkd Asia Minor, aiK^ 
for the library staj’ted |jy the Kingpi^of Pergamns as a rival to 
tho Alexandrian. 

So much for the dillieulty oPsetilin'g the real autlior.ship. 
The other point to Jpe Roterfcincd is tlie freedom of (vcisting 
copies ilPonj spvprious* additiprffi or omissions, accidental hr 
intentional. * 

In the first plalPef e|’i^r% will accidclTbally firedp in, by t^e, 
fl*cre* act of copying. It is* impossible to guarantee strict 
accuracy in t.jyiscriptipn. .This isTecognised in juri^rudence, 
.and the English law rofusog to adiq^k: any copy wdiere the 
original*caii’be pr8du<?ed, BTit the.reason the law does not 
Apply witl^ the styne force in history. A vei-y sligflt alterJiflon 
in a d6e& might sometyues al^er the mean^n^ of it; and, more?- 
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oier, tViero is often an* exceedingly powerful temptA^on to 
Aaiyjper wjth deeds. Now, tLo^ val^e of 'aP copy of MS- 
'iefiends on ite accuracy, and the motives for falsifyjiAg histor^^ 
are far. wcalser. IJ^is therefore cpnsi^red tlHit the ^brks of 
clfiHsiiJal 'iifthors are pr^servS^ uB.sul[)StanTiaWy as^they were 
whenV^nblis+icd. Sijch vj,riations as tbbre afe do not affect 
the perteral tyicnracy of the copigslfiat h^ve rea^fuedT ts. * 
Tnjthc sdl;oiid place*changes may be mack? intentionqiyy, to 
•swit a fiuwwse. We are \old that Sotofi inserted a verse in 
the Iliad with a view t» confirm the of the Athwfians to 
.the*p<Xisession of Salarais. At g,n dhrly period, aiithentic^isfs 
.or rnwoAis.oJ’ aiithors and, th«ir works were prepared to gifard 
figainst dteception. Short writings are most easily forged, and 
hyice,th(!ro are immt5orle*g» forgeries of liters; bat we find 
oxarnpUiS of falsification*at greater length in ttie poems of 
OsSiian* liicclef^!astical wnlings contain T^ any forgeries, made for 
the purpose of propagatiiig or confirming.opinion. Tlie motive 
for exoftwting forgeries is often Jbo ipakc,money by arousing 
curiosity ; but in siicii (iases aS Ossian, it is merely the pleasure 
of dtsseiviiig, th^ world. ^ Literary ^ forgeries arc geneolly 
^etl^cted;by •injernal evidence—by incoiisistencies, anachron- 
i^nf^ iinitatidiTs of subsequent writers, jaiid other marks of 
reccfit composition. 

When ^te have sufficient assurance that a work is both 
aiithentio and gentyne, wriite^tby its reputed autbor, and not 
, tariij|cred with in tlie course of transinission, we have still to 
consKj^y; tbcmmrth ftft the testiqjouy. Be.sides examining onr 
anriior’s %neans of information^whetjier he writes an tiye- 
wifjie«s or at second haiQ^^^r at what other remove from eye- 
witnesses—we must enquire into his charactef *for«ve^acity and 
jiis motives fin depajl. from the truth. * 

There is often intentioiT!’^ perversioy or suppression of th^ 
^trniii, especially in Autobi»grap%, as Csesar’s Gallic Wars, 
* ajid Napoleon’s Memofrs of hfe Campaigns. Vanity, a love of 
the imyvcllou^j.aTid party spirit^ioperatC in the same'direction. 
'Kiere are Culholio and Prot#6tant histo^i^s>pf the Beforma- 
tiop ;*,AVhig and Tory histories o^fEngland., 'The accounts of 
.modern caftjpaigns ana militiiry qpeKaticn^ differ very much 
. ^cobrding to the side tfih writer belongs {o. Many inaccuiacier 
, an’ise from not taking the^troublq to investigate the tjfuth. 
History may be blendeji with fctjoif for a didactic or moral 
purpose* as in Xenophon’s^Cyrogiedia. « ' ’ ' 

f^he ancilmt hi4orians departed from stript trqth, by intro- 
flucing ifito their* \^orka speeches coippose^ By themselves. 
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One foiA’th of,tte hfstory (ft' Thucyditles is composed of suSh' 
*B^eeclies. Lucfeti tlioyght k a sufficient oxouste Ijpr iutroduc-* 
ing fictitic^w speeclies, J/liat they wore sifiUiUlo ta tfie chailic^ 
ter i)f tli8 speal^r, jiiid jippBD[H’iate tff the ^ubjecW PoJybins 



has.biieii followodyby niodorn hisroriaiiif, and the ufannl'acturb' 
*of speeches has therefore leased. *ri>e siuiio thiny^ howevgj;,- 
in siibslfftctij ^till ifoife, altlioiigh i»troduced as pai’t of (.ho 
history, uaincly^^iiterpreftug,acts and sugnesting m«tifcs.^ 
It is a great, though perhaps not«iiica>uimoii, erj^ir^tp treat as. 
history wluit thus ^wes its origin to^conjccturo.* • * ** 

Anotlicr perversion of Inslory 9i§ vnjthical history. ^ * T^je 
original autlfor of such a iegpnd must, no th)ubt, be.iit lirst 
conscious that it is thewpontiwieops product of ffils o\wn#iuv^ii- 
tum, unatlested by a*iy extefnal evidence. But the fiction is 
suggestcMl by prevj^iling# ideiis and Icelings; it intei'wcavos 
exisPiiig* fads and customs into*its textuiie ; it furnishes an 
,apj^rcnt support to institutions o^r practi(!(^s f(^r tvhK?h the 
]) 0 ])ular mind seeka*ffn explanatiou?; it fills i^vfiid-^whiclf it^ 
.sensibly felt, and si^pjilies food for an appetite otiose dem9,n(is 
are at^iice urgent and general. The inventor of such ft legend, 
iherefvjre, diftbrs altogether from the author ol' fi, novel or 
romance, wdio lays before the jkiblic a tale,*vowedly tictitigus, 
an^ which tluiy accept Ss such.’ Exainjiles may befouyd'in 
Cl reek m_^thology, in the fabulfms hei*ocs^(5f medii»val ^Ij^vahy, 
lyid in the lives of meduj'val saiiiits. Such Ifgoiids hftve a ifse, 
not as describing events, but as tlijjgv^ig a rctlected light o»,the 
cii:cumst!iTie?s a^l character of tliose who iuvented, behoved,and 
circulatell th.^iui* I’he most difficult efUie to khe hiiitoriat^ 
ia not pure mythglogy^bnt the bl(|^liug of myth and history, 
wlTich lures men on to seiurch fot* fact, imt leaves tlauu un¬ 
able to disfingnish it*froin fictfon. The history of Grcccp, 
from the ^rst Olyn^iat? to #ie Persian war, find of .Home, 
A’om Tifllu^i Huijrtkimfct'to the PiAic wars, illustrates this intdb- 
mediate piixiod of twilight aftff uncertainty. 

The second mo?fe^f,tl5^n#1iiittiug ovidfence—OiiA Traditio^,, 
lieses* credit very rapidly with* the lapse of time. An acerfunti 
of aa eventj d^iinisibin^ iu evidentiary value at caftli remove 
(from the original eye-witiies{i, very #p#n ceases fib have ilny 
value aJ all! Thft has alwa^^s been more or less recfognizeci. 
T'olybius ^confingd himself* to what he tenrnod* from pj^e- 
witueSses of tb« preceding generation, f-n^ thus' b*egius hi3 
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^ijsecutive history aBout^ tweuAy yarfts bhfor© birth, 

, Newton thoui^lit that oral'tradii^on raiglit bl*tru8ted for 80* 
jpiklOO ye'hr^; a^d Volney remarks tl^t the Red Jlidians hEfd 
no accurates tradi^ni of"tacta a cgntu^ old. 

^ Tl^a’ ifvei’age value of o^l trac^tioll ra&y foe enhanced in 

mruvu ' Uni'ini? rm.iiin. nn.iiKnd t.liA Tnntil«l.tiifen of 


•blisli a de*pt)tiRra, th» Athenians recurred«to the ^ovemijient 
of ]^sisfcratuB«and his sonS, which 4ad •begun nearly 150 year# 
and en(^lf* 10 () years before th^ tim% • Thucydide»ilescribes 
th* Athenians as referring, entircjiy by oral tradition, to tHp , 
attempt by ^ylon—a fqpt g>t file time 18 (f^ears old. That 
jB'oilt liatnioWevt/h crealed a hereditary curse in the powerful 
tarnily of the Alcmaednidc^c^ and the inemt#y of it was revived 
at (hnereut times by public acts. The Dies ^llliensis, the 
anniv^-s^ary o^’ tlm fatal battle o*f the ^yiia, was doubtless kept 
up uninterrupted usage from U.O. 3 ‘JO., h^estivals, emblems, 
antupial^d oflices, serve to fix |radjlion,^and keep alive the 
recollection of events. The Iftie) rex, in Homo, who continued to 
be apj[)iiiiited during the Repul^jic in the vacancy of the consul- 
shi|), was aVcraihisccncoASf a period of*elective kings. The* 
^^ing of\he S.tcritices, like the King Archoii at Athena, is also 
a dA^idod indication of the regal period. There wero^ more¬ 
over, many Viuildings, monuments, and public places in Rome 


associated with tl\^‘ names of»|i:ings. The existence of laws, 
like the 'fwelve TaSles, inscl’ibed on ftietal or stone, may serve 
to ptrpetuaj^a eorneijt oral tradition. * 

J.tifhu^), the author of-a work on the early Roman*Constitu- 
tion, has laid down so me ru les on this subject. He divides 
ora*l tradition into two olSSSfi^, one referring tiJithe^oustitution, 
and tlje religjious aad civil institutions connected with it, Ihe 
*otheft embracing the mort^om'mon materia^ of*history, warij, * 
nogotiidioiis, and th® strikmg eveyits fhat give interest to Jihe 
history of Rome. Thils last talono waiy committed to the ex¬ 
clusive keeping 6 f oral tradition, aiid!*was much itlore liable 
ti error amDuucertainty tbar the tradi^Sc^fi* relatiwg to tUfe 
constntutioii. To some extent, fcojistitutitiruif usage implies a 
^kuowlodge^jif precedents. Sefeh i^’o»mati( 5 A in all probability 
^dA.isted at the beginiling of t^e Second Punic war; but^^ 
‘yiight noi reach far back without the ^help of docun\ents. 
There i.s feow reason to sutiposp that^udbhrate knowledge would 
have gone back beyohd'a centuty. It is u*b possible to draw*^ 
any broad lino bdtyecu cohstitutiQnal history, and the commoa 
cjvehts of history \ we could not disouss t^e changes da the 
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£nglii^ OonstiCutioft durib^ the seveftteentU century, without 
► a knowledge*(jt‘the events ^Imt give birth to them. ' , 

• There l^one cas6 wl^oi'e oral trausnnssiou makgs ifii appro^iq^ 
•■to thb •value of transmission, by writing. ^Iiis Igippens when 
the menrory ia a^st<!(^ a,jid checked by a sot fori* ivords^ 
especially* if tift foria be metncal. t)ii 0 vsar Chlla us tS^t the ■ 
fi*^orets tE^ f)rui^ical ^li»[iDn wore contained iir ^ great 
uugiber of verset^ in committing whiah to metian’y a druid 
•would spend tw(vnt)i ^eana of his •life. In like rnannft*, th<i‘ 
Iliad JwiA OilyS'lcy wA'(aperpftuatod by a race of jn’gfessional 
/ecilers and rlun^sodists. • 

K.—EXPLANATION OF SOMfl LQGICAL TEKmS. 

• • 

V I 

The following torra^ not being deemed esseaitial^^t^ any of 
the important doctrines of«Logic, may not have been*made 
fully understood in the jy^’ovipus exposition. As they,(X*casion- 
ally^oceur in logical discussions*, short eiyplanatious ol them 
ar^herc appended. , • •, 

* Argument is used'ki several dilft^ent senses. •‘Apart fboru 
its more popular sjgnilications, a disputation, w chain of vq^ 
Boning, and even a chain fif events (the argument of. a 

its moaning is not fixed ami uniform amfi>ng logicians. Some 
apply it to an entire syllogisrn^ipromises agd conclusion, .some 
to the premises only as*llio groubds of ttie conclusion, while 
Hifmiltori maintains that its. proper raining the niiddie* 
notion iif a reasoning,—‘ whaLi.s assumed toargue sijjhctlfiiug,’ 
Su Mansel holds that the wor d sho uld be applied onl^ to 
the Middle 

‘CategorematE;.—A distinction is drawti betvvgjen wor^s that 
^an stand alone ^s subject of pr^jilicato of a proposition, aS 
man, stone (Categorematic^; ami word^that can stand only 
in company with otbci’ words, a« all, ndne (6'ywcategoreiriati^.* 
Dictuai*de OMNI ET iflALO.-^This applies direotly to tho Fir.st 
Figure alone. it* i!A.sual to give similar principles Ifor tiie' 
other Figures, a*nft Among Ahese we may notice the dichi^iveD 
by Iiliv-Mansel iiMiis mite^ton Aldriclf ^p. 8Gb ^ * 

‘ Principle of second figure, Dicturit de JJiverso. If a 
tain^ attribute can bo jiredjcated (affirmatively or segativelyj 
j of every ra5mf>er of a chis§, any.subjj^ct of which it\;anuot- be* 
80 prcdIcatSd, dots not belong to the'class, • 

• ‘ Priuciplp of .third figure. I. '“Dictum^de exampln. If n 
certain‘aftriblite can Ije affirmed of any pprlion of t'hif merabefli 
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of<v class, it is not incojil^atiblo wiiH ihc^dKstinfctive attributes 
that class. IJ. Dictum dSexcejj^. If a oeigi^iiii atti’ibute 
be dctiJe^ of ajiy portion of the mefnbers of a cllbss, it is 
not inseparal^le from tlie flistinctivo attributcs^pf thattflass.’ 

^ EsiTMlfMEME.—A syllogism*^with 011 % «of«its .premises sup- 
pressejl* in the 'enuncniftion. * fiamiltoB arguqg against 
proiuiht'Hce given to Enth^nenie a|fi division* ^^syllogismsi 
on tlio groxrifl that they are not a special fqfin df reasoning-,. 
J;)ut oftly an eUi})tical motfe of exji»:’es,fiqp.. He alho shows 
(what is |ijne more elaborately Ify Alr.^Manscl) that AjWstotlo 
understood by Enthymeme not am elliptical syllogism, ' but 

* a syllogism from signs a^rid likelihoods,’ or ?i‘syllogism with 
thfe nlajoJSjTp^enfise <9nly probable. 

Ignava Ratio or t^ophisifui^plgrum is the'master fallacy of 
FiftalisJln. It might be ciassod with fallacies of Non-observa- 
tioH. Jim FaAiijist ai'gues that,* if a ^ing must happen, it 
will hiippen whether he interfi're »r no ; (.overlooking that his 
own ageijpy is one of the co-o[>cratinf^causes. 

Iktuittve—SYM ii^EtpAii.—Wo oFtcn employ words and sym¬ 
bols vdhout fully realizing tl^eir meaning. This Lcibi\itz 
calltd S_j mlm^ical*as distinguished from latuitive, Knowledge, 
^^as and*senw4ions fully realized in consciousness. We can 
conceive,a yard, a mile, or even •ten or twenty mil^s, in 
the full reaiity of the extent; but of the distance between the 
earth ajul lh<' tnooi^ the sun, o*^one of the fixed stars, we have 
no'proper conception; we Tuay, h()v(^?ver, express such dis- 
'tancift lu figlji^es, wlMfh are iiitejligible as such. Tliis would 
be y,"synt5i|olical cujiception. 

]Vl;ooALS.— (See Part i., p. Di)). Tlie opposition of Pro¬ 
positions has been applieu'Td Modals, in the f-lla.viug state¬ 
ments.. ' , ' . ■ 

* If tlie nmiti'r be vecessam^ all' aj^rmatwes mnsC be true, and 

all negatives false, • * ^ 

• If the matter he i}n]^ossihle,,Q\\ negatives must be true, and 
aH aftirniativee must be false. ^ ^ 

■ ilf the mathfcr he amtingent, ' pariicula,,^ njust be i"ue, and 
all umversals false. , „ - * ' 

Here the'-amaping cP ‘ necessary ’ i,s ng euore than univer- 
^^^ly true, as all men are mortal, alt matter grayitates. olm- 
possible’’is universally false ; all men are gods. ‘ Contin¬ 
gent ’ meahSi partly true syid partly jalse; Some men are wise. 

Pouph%:i{y’s Tree. — This is a tabular arra^igement showing 
dillbreut grades dt*^geneiality. TJie example chosen ranges 
fronf the sutnmum^Qnus Suhitanc^, to the in^paa'speoioSr Man, 
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* ’ * • * " 

fading' «nth twt) in (It vdaak. It |ua}^be eihibited thus, ii#k 

»fornt bitter d4%piiibod by tbs Greek name, Porphyry’^ Ladiler* 

■ , ^ubat§nc© 

i]lorpo,)ii?al Tiicor^oreaW 

, . . (BJdy) . ^ 

^Anintl^De, • inanimate 
•(Living Body) • 

Senyitire* * Insensitive 
(Animtft)* • 

Jlaiional_ Irrational 
(Mail) 

Socrates Plato 


PitEDESiGN^l’K is a term applied by Ffamiltoii to prop{tokitions, 

I having their quantity (apressgll one of th0*sf^ua «f«cyiah- 
tity, All, None, &c ^Tne coutras^mg term is Vreindesiijnale. 

* The terras commonly usej^ in logic are Dejlnite^ Indefmite. 

Simple Apprehension is deSncd by What^dy as ‘ the opera- 
' lion of the mind by which wq mentally jiorceivp 6r foi’m a 
*tiotion of any object.’•• It*is the sambas Percepj;idn, Y^bercfiy . 
, we know things in the actual or concrete—a Wnrso, a treoi 
By another faculty, dSsigiiated Abstraction, we conceive things 
in the general. • 

SUFFiciEN'i' Ue.xson.—U nder this title l^«bnitz stated tjio 
law of Causality. EveryHiing tiiaf exists must have a ‘ syfti- 
cieu* reason ’ for its existence. .The attempt has l^n ipaj^e^to 
prove cortsiin truths, such as t^ law of perseverauco»of uoi- 
ibftn motion in a straight line, o n thff ground that no suiji- 
cient reason »an«bo given why a fro'Jy should cither lose its 
velocity oi.'doviafcC to one side or the other.*. The ♦ame Ikic of , 
•yemark has 1)00*11 used with the principle of virtual velocities. 

•■SoPiiisMA PolyzeteseoS aii^ SopiPisma Heterozeteseqs are 
two ingenious Greek Sophisms. • The IBrst was alluded to, 
under Definition. Choo^difg a ^^^ord having a Qoubtful m^irgin. 
of application, the ^pfRiet asks whether it applies tip such and* 
such a case, alid ®n putti^^the question to one contigubqe 
case after another, wi^l h% has* drJlwn the cespondortl palpably 
b^ond the rangp of tho*wt)ra, vjhen he demands the diffcren(!e^ 
bei^-een the last case admitted and Abe first refused.* ** Such • 
words*as /ifla/p, cdlf^ &c., kfe §uitabje : sophist asl?8—Wa& 

jf?a calf tO“day, willfit he a calf^to-morrow, next day, cftid so 
on,; the respondent cannot say on wliat day*t*ceascflS to be,A 
calf, aud,bc(R)m(?S ,ft* heifer. The Hderoze\^os (So’pRism of 
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' tUelevani Question) decays p. persoKi infy>®cora\nitfcingr himself 
•by a ca^^Qiioal ansvrer—* Hav^ you cast -your horAs ?—If 
•d^oli answer, J ha^ve ;*it is rejoined, fh'en yuu have l^d horns; 
if you.answcr, I h^ve ncfu, it is rejoined, Then yon hav6 then* 
»i«tilLV/ • 



General* ind^x.. 


ABSTRA&^^N,alUodftoAnal5As,u.,399 


Agreement, an aid to Dii*C 0 Terj, ii., 
418 • 

^iu ^bseace, basis|pf, ii.. 49 
Umversal, ttie son o^avice for 
• dugtire truibs, ii-, 7 
Abe test of uniform cu-uxis1«ncc,«!., 

l^roof of concop}it|int projj^rties in 
• Natural kinds, ii, TS ■ 
tbe solo luductivo Method, ii., 47 
fundamental mode of Paodf, ii., 114 
Algebra, notions of, ii., 202 
account of,Si., 213 
hiffbest opera^ou (rf,,ii., 2f6* 
AlgSwaic Geometry,* notions of,^ii.,^ 

202 ••• . • f 

account of, ii., 218 • ' 

All, two moauiuga di^tin^isbSd by 
De Morgan, i., 187 
I Ambiguity of terms, ii., 372, 380 
Ifmt^hiboUa, k, 275 *, 

Analysis, Chemicrtl, ii., 897 • 

Logical, 398 , • 

allied to Absti’uclion, i., p, 

^plied to Induction, ii., 400 
Gnurftnatical, ii., 400 
ffffflS.al, 11,400 
Matheinat^cul, li., 401 
preliminary*to climibation, it., 42 y 
m^’sychology, li,, 281» 
in*Society- ii., 340 
c!>ufuru)pd to rules ot division, ii 

• 107 , ^ 

an aid to Discover^, ii-. 421 • 
.^lalytic judgment, i.| 7G . 

Analogy, as a form ot Iiifercnoe, ii., 
1^ . • • 
does not amount 4o PFoof, ii., 148 
exainplos of, li., 145 - • ^ 

' Analogies, false, ii., 142, 8^ , 

Analogical Hypotheses, ii.*, 147 
Ammuaaipi Plantscontrasted,!!., 266 
frustiatcd plurality of causes,J Ahteceomoe. invariable, ndt causa* 
ii., TS • • • ,tioD, ii., 8& 


AbatTactl Jeas, dispute regarding, i., g 
Skbsiroct name, confllletion of genera¬ 
lizing proooss, i., 52 
value aud abuse of. i., 68 
Accidens, i.,70 * 

Accidenhs, fall^cia, i., 276 
Activity, a source of fallacies, ii., 877* 
Adjectives, counotative, beii% geuera- 
lized names, i., 40 , • 

> AHquivocatio, i., 276 
A dicto secundum quid ad *dictiPhi 
• simpliciter, i ,^7, ii-, 872, 894 
.Esthetic emotions, a source of fallacy, i 
, •ii.,383 .. • ^ 

A dicto simpliciter ad dictum secun- 
_ dwjH quid, i., 276^ 

Affinity^chemical, detined, ii, 243 
maximum of, ii , 187 
in Mineralogy, ii , 294 
in Botany, ii., 302 
in Zoology, ii , 310 
^n diseases, ii-, 366 
A fortiori, i^ 164 ' 

Agreement, untcUectual propiyty of, 

• i., 3 

the basis of lioasgijfing, i., 8 
basis of D^‘rnmioii.^i, 155 
defines the limits pf Explanation, 

, ii, 121 •* 

* . .stated in classificatioft, ii, 392 
inj.be arrangeiiient of chemical ele¬ 
ments, li, 246 • 

statement oT, in Mmeialog/, K., 2994 
in Botany,ii., 305, * ' 

• in adobgy^ii., Sljl , 
in diicases, ii, 366 • 

Mcihod^f, ii, 49 , • 

fundameutm msjiim m, 

^ in Biology, ii, ^70 
* in Politics, ii-, 335 
in'Mcdi'^ino^ ii 7 360 


protected against’ 
cans^Sjfii.; 79 


plurality pf 


causal usipiUl coxnpliegte^ 
Apprehensiopf shiiple, ii, 4wl 
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'proximate GcneralizatiotiS, 
probability of stated in mynbersf ii., 

• l3G»t * , 

~ flow brought* ueawr certainty, ii., 

opei^tb lopbistry, ir., 139 « 

1 prut, i, applied knowlelgo, i., 10 
krguAent, ii.,*431 , ^ 

Vtistotalihn contrasted with Baconiatv 
logic, it, C44 ^ 

\.ritl:^ptic, deli]|itiuTJs of. ii., ^3 
■ ultimate la^ions of, li., 201 
accuuiit^ok ii, 212 ^ 

proof in, ii., 213 

issociatioiis, a source of fallacy, ii, 

^ 385 ^ ^ t • f 

(fstronom^/, its* plafie among the 
Sciences, i., 232,238i * 

Aiverages, ii., 91 , 

^ziuni •'}f Syllogism, varions forms 

• discn.S'>cd|| i^ 165 * 

moot of, in experience, i., 169 ' 

Hamilton’s forms, i., 160 

' as givbii by Thunisou, i., 161 
as given by Do Morgan, L, 162 '■ 
not deniable froiri the ‘ Laws of 
‘ThougliV i., ,132 
Axioms, ijntuAi of, i., 224 \ 

requisites of, I., 2;i4 
' ofily two Mathcniatioal, i., 224 

of Indhctivo origin, i., 225 
< 

Bacoit, contributions to inductiye 
, * methods, ii., 4();>‘ i * 

Boliiif, the nature of, i., 12 
iniieronfly ^Yussivo, «!, 377 • 

Jlv^ofl^pliuns in/ense convictions/ 
]., 225 ^ 

Biology, scope of, ii. 258 

divisions of, ii , 262 * 

notions of, >i., 264 ♦ 

pTopotsitions'of, n., 2o6 
conservation of Force in, ii.,^68 
Empirical lii\v.s in, ii.,,26H ^ 

logical methods of, ii., 270 
Hypotheses of, ii.j 272 

. as basis of MVdieinc, ii., 317 » 

Body, erbstando. of, i., 262 t, ] 

Body and Mind, ii., 127, L16, 275 _ i 
Botiiay, arrnngemeut of clv;«.ractor8 iji, 
\i.,30i ‘ 

‘maximnm of affinity in, \i., 802 
gradc.s-hi, ii., 304 * 

agreeunhit and diirercnco in, if., 306 
' pecijliarity in ovhibitiq^ ^f ditjer- 
eKcos, ii. 306 ) 

index in, ii., 308 > • 

CALCUirtfs, notions cjf,202 I 


Cajculus,#a0cunnt^of, ii., 218 
Canons or Sylln^^, i., 149<e. 

According Hamilton, i., 151 
special for each Figur<^ i., 159 
Canons, special, derived fnpm ’ 

i.,t63 \ 

fCat£goromatic, ii.,'431 , 

Categories, of,Anetotle, i., 263 
Castegorical Imperat^re, *meaningUsa, 

^ ii., l46 *■ 

'CaaBnti 9 >n, law, of, i., 20„226 , 

vfuiformflies of, as a branch of Logic/ 

la^ of, expressed, ii., 1*'* 
r obverse denied, ii., 16 
three a.specls of, ii., 17 
practically viewed, ii., 17 
scientific, ij', 19 
fallo,cy of, ii., 20 
as Conservation of Force, ii. 21 
as an instrument of elimination., ii., 

* 4b 

' unfolded in three maxims of elimiv 
nation, ii., 47 
indnctitiu of, ii., 113 
rests on Agreement alone, ii., 113 ' 

as en Empirical Uv^ii., 115 i , 
discriiuihatod from Co-existence, ii.^ 

51 

pot distiacnislied from Co-oxisteuce, 
11 , 401 ' 

propositions of, in Biology, ii., 267 
in roliticB, ii., 326, 334 
contradiction of, incredible, ii., 149 
Cause, an alleged intuition, i., 11 
to be sought among <ho anteciedent 
circumstances, ii., 37 
not' proved by invariable antece¬ 
dence, ii., 38 

the itnroiidth^ )?oh invariable ante¬ 
cedent, ii., 38 \ 

material, formal, efficient, final, ii * 

18 . , . 

Caused, composition of, ii., 38 
^ combination of, ii., 97 
real,^ii., 129 

Chanbej computation*of, a resource 
ivi&»r i^itermixture of»Effe«h3, 
ii , 83' ' * 

* ‘coincideiici* explained, ii., 85 
»^Drixcij)li» (>i- computation, ii., 86 

np|>lil^^ble where other methods fail, 
in, 86 * it 

romb’uofc' with,law, ii., 89 , _ 
»sub\iicrgiiog a small uniformity, ii., 

8? * . . i ‘t 

in Biology, ii., 

* in Psychology, ii.j[ 2^ 

in M^dic'iuc„ii.,*362^ • • 
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Chance, Aminatinn of, an iJid to EWs- 
V coTCrv, II., ^8* ^ 

ftbaracter, aeience of, base^Dii Psy- 
» - *.j:llt>logvn ii.. 286 

^■^^lemem^of, ii., • 

» affected by Ci:y.i8eA«,tidta*ii.j^2t^ 
ini^euccti flu, , • 

■#of cltf^sifiedatikeffN/ttural Historj', 

• ii., SsO • • 9 ^ 

, lieouliaritieH of, ii., 2j|l 
« Qatn^i, m*Pohtics, li., 3^6* _ 

CharacterH, descriptive, s^uence oL 

in Ciiumistry, ii., 248 
ip Mineralogy, M-f 2t)3 *1 

in Botany, ii., 301 
in Zoology, li., 308 

Chemical force, consen^tion of, ii., 25 
combination, not a union of forces, 
n., 40 ' 

dftined by contrast, ii.; ^ 

Chemistry, fuudaiuental fact of, ii!, 
212 

propositions of, ii., 24^ * » 

arrangenicnt and methods of, ii., 241 
elements of classified, ii., 244 
dc^riptive laotbod ot, ii,^3-l# 
ngroenieiit and difference in, ii., 253 
empirical laws in, ii., 254 
law of Conservation ii/f^i., 254* 
bypotnc^o.s m, ii., 255 
noTneiiclaturc of, ii., 256 
notation of, ii., 257 
Class, two meanings of, do6nif« and 
^ indefinite, i.. 60 

Clas.sification, golden rale of, ii., 153/1 
185 • 

•Methods of, ii., 184 * 

descriptive cbaractcra in, ii., 18*4 
grades of^ii.,*188*J 
tenninatos with Si^cies, ii., 100 
statement of 'Agreements and dif* 
^ • ferences in, ii. K12 
Index, ii. 194 
of Characters, ii. 290 
Sciences of^ii., 292 • • 

an lyd to Discovery, ‘ 

fffj-existence, Me of •thtr :l!ree Uni- 
veveal Iredicateg, n, 103 ^ * 

as Order in Place, .... .. 

as Co-iiilicrence of ifttiyb^esi i., 
“I 1,04 • I 

Miformitics as a branch of Lo- 
•gic, ii., 13» ‘ 

ijiduction of, ii., 11 - - • 

proof of by UniiffeiAl Agreement 

» ^ 

propositioip df.*in biology, ii., 2SG 

in PoTitiq?,.ii. 396 • ^ 


4;i7, 

Coiexistencc, and Succession, commiD 

• to •subject ami^ object oxiieri*, 

ence,ii., 258 _ • • J ^ 

CoUec^ve namc9, siiiji^lar or genend, 
n, 48 ^ • 

C^igathm of Facts, ii., *414 ^ 

doUocatifni of Cirotiiusiauces/n., 91 
dcfrecs oS complexity, ii., oW 
> elliptically spoken of ns tnt Canfte, 

ii., 42 • • 

as jPutential Energy, li., 34 • 
the effect of expcndodjbrce, ii., 86 “ 
in Politics, li., 334 P • 

Colony, example of positive deiiDitioii, 

11., 158 

Cfflonx) not intrmsi«Ulx (tbject^vc, i.,- ■ 
259 • • , 

Comfllex Propositions, how far luatlor 

• • <*f Logic, i., 85 • • 

Complications of Cause aui Effect, 

• II., 41 . » , » • 

Cbnipo.s(tiouis et Divisioms, fiAlacia, 

1., 276 

Comprebcnsion, i., 60 
"practically ^oro important than ex* 
tension, ii., 103 • » , . 

Hamilton’s syUogiS^ in, criticised, 

, 1 bO ,, , 

Concoi»l uahani, i., (T * 

Concept, tui'ination of, ii., ^63 
Coiiccptiuii, formal, i., 243 * 

Concomitance, discovorf of laws of, 

• li., 181 J • 

rti Zoology, li., 309 t 

Coiieoinituut, a predicable, i., 76 
separablifftnd iiisepjapabl^ *‘^7/ 
Variations, ii.) 62 i» ' » 

fuiglamcntal maxim of, ii., 48 
gi,,iM4errnpted by critical point3| ii., 
64 

as a mewis of su<^cstion,,ii., 64 
tables oflPor Discovery, ii., 66 • 

luuder intermixture bf effects, ii., 

. 83 ' 

• in Bifllogy, ii., 270 
ill Politics, si., 
in Medicine, ii., 361 * 

■Sonoreto names, i., 5^4 
Conditional Prupoaitious, i., 85* 

• Syllogism, involves im inferehed, t., 

117 * * * 

Confusion, fallacies of, ii., 372, 386^ ^ 
Consciousness, ii., 277 • 

testimony of, i., 267 . * 
OonnoHj^ibii, of (-Jenenu Niunes, i., 49 
Conservation of Force, law stated, ii., 
•21 • , 
proved by universal agre^mimVia.fX 
explained,*!!, 20, 22 
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vHtipn, oviilunco of, ii., 114 ^ 

« liat< same its Cau3at^)^, 

^ U'^t i]ii li'pnon cuncoptlou, ii., 37 
‘ ill Olif‘raistry,'ii., 254 , 

in Bii)|.)gy, ii., 2(18 r 
, 1 I li, 359 > * 

iMK^tftrfT'-distribiKion, ii., 230 
m Cnaracter, ii., 288 * 

(, Principle of, i., 14, lOJ^,' 
247.27£i « 

Contirfiuty, eiktorsion of names 
tlirou||^l', ii., 173 

C intinuityi law of, empirical, ii, 108 
*a h.'lp to Diaooirery, ii., 413, 422 
Contiimous Compari.son, ii., 65 
Cii'itradiotsjiu. piVicipl^ of, i., fd 
Omtradi<‘t?)ry, propositionSj i., 93 
misapnlicatiou of the name, i., 9',t 
Cdbtrai^i's, expression of mader precise 
byl)o Jylonran, i., 56 
basig fe'f De Afor,fari’s additions to 
syllogism, i., IS-l 
Contrary propositions, i., 92 
Contrast, iii dotining, ii., 155 
animals with pliint'i, i\, 265 
exbilvition'ot in Clunmstry, ii., 253 
Coi!,vt!r8ioii. Siifplo, i., 113 . 

FiilUii'ies of, i., 114 ' 

f'jy Jjirmtatioii, pi'r acciHois, i,, 114 
obvfjrted or by Nogiitiou, or Contra- 
positiop, 1, 116 
Copnln, i., 4'1 
meanings of, i., 182 ', 

Colrelntivo noines, i., 55 ' 

Correlation of Forces, sei^ Oonserva- 
.^ou 

CredibiUtj^* consistent-y with proved 
, indnetione, ii., 149 
Cry^nlliKation, an oxaiiiplo of )- 
meat, ii., 54 

oxplaration oV'confiri{fdd by Joint 
' ^ethoih ii., 61 „ 

Curves, method of, ii., 413, 42U 

• * % 


Deppction, first prhiciides'of, i., 17* 
‘explained, i., 411 • 

why filaced before Induction and 
Dctfiiitioo, i.,41 * 

iawdjOf, i., 247 ' 

as'generid p«:!BUipption, ji.^ 64 ' 

v^nyolves observation of fa^ts, li, 96 
two stages of complexity, li., 97 
4 simple, extension of a law, ii., 97 
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I 


combiuatiijn ot causes, ii..! 
fallacies of, ii., 895 ’ * _ _ 

I ductive Method,three rcqnisi^es o 
■ ii., 95 * 


'ih Psychology, ii,,» 283 
in Politics, ii., 337 * 


DeSactivif Jfletliod,,in Medicine, ii., 

4 362 . \ j.. 

alode, insoficient in/Politics, iit, 

342 .. . 

-Scioimes, how S'mstituted, i., 218'^ 
Defitition', as ilerbal predication, i., 71 4 
exhnustivo and 'ii^nexhaustive, i., 71, 

, 4 , /2 » \. ■ 

• (i.*plaiiied//i., 38, i', 154 
fuiidanientali of, ii., 155 
P\'sitivlj l^lethod of, ii.,'156 * 

, margin traiisitiou, ii., 160 
Neg4'itivo Method of, ii.,‘ p)2 , 
dci’.active, ii, 165 
' the language Of, ii., 165 
by synunyms, ii., 166 
per eenus ct differentiam, i., 74, ii., 
166 *' 


by Analysis, ii., IGQ, 
notions not sasccptiblo of, ii., 168 
mixedt with Ileal predication, ii., 
352, 357 

frillacies of, ii, 396 
' neglected by VV'howell, ii., 412 
an aid to Dnci)very, ii., 419 ' 

^De Morg.aii, divisions of Tonus, i., 51 
oif‘Po.ytivo and Negative names. 


1., 56 

oniimcration of Propositions, i.,90 
CddilioiiTto syllogism, i.„l82 
Demonstration, based on Iiulnction, 

1 ., 219 

Denotation, of General Names, i., 49 
DerivoCivo laws, ii., 101 

various kinds of, ii., 104 ^ 

I limited apjdication of, ii., 106 

of wider application t‘uan Empin- 
cnl, n., 112 
in Polities, 

Description, of ch^'inical bodies, ii.,2-18 
not to be mivd with explan’atiou, 

11., 253,354 ’■ 

Descripi.vo tertninology, li., 177 
fharacters, sequence of, ii., 184 
Dovelopiflent hypothesis, ii., 272 
T)ew, trfjcflrcb on, niVt example of 
ehmi^tion, ii., 68 
piotum ote onmf.et NuUo, i,, 165 ■' 
Jpffcrence, ‘Mctliod or, fundamental 
, ^jiaoii^,(?f, ii., 48 
*^esplame<^ ii., 57 

II where maemsi'.c, ii., 69 , • 

in Politics, ii.,M6 

'll! 'Medicine, if!, 381 ‘ 

> _ *■ exhibition of in Cl^emi^try, ii., IBS 
Difierencts, statement of, in claastfica- 
, _ tion, ii., 192, 299 i 

• in Botany,* ci, 606 f 
« difficult in Botany, ii., 306 
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* bi&ererwes, atatefcent df, iu Zociogy, 

i% 313 , 

. in Disuses, 

73 1 « 

% sfAirco ^ fallacies, ii., ^3 
Diemiiu,j., 121 ^ 

Discovery, ^rt qfjii., 413 • » 

, dfetinguish^ ^ronu PrSof by Mill, 

three aids toT^., !X5 * 

' 8«c«ipdary in Logic,*ii., 9Z 
Disease, dofiniliou otlj ii.,*^l3 
Disjuudii^? Propositions,#., S5 
DiajfincvKa Syllogism, itivolvea^o in- 

* terciicc, 1 ., IIIL, • 

Divtsion, an aspoi-X of classitlcatioii, 

ii., 195 

rules of, ii., 196 « 

a mode of grades, li., 19/ 
fails with uiftieCncd classes, ii., 198 
Documents,invalidated by doabtl, 

ii., 425 • • 

• 

Et'UCIKN'l C.U’SE, ii, 18 • ^ 

Elcatrieity, OoiiservaliSii of Force in, 

11,27 

^nracters and bi'aiiches of,,)!., 238» 
Elioiiiiatiou, of Cause Elfect, ii., 
41 

weapons of, ii., 40 
is PRiof, ii., 49 
of eh'ince, ii., 84 

Empineiil laws, explained, ii, 103 
varions kinds of, ii., 104 ^ • 

criteria of, ii., 106 
• limited opplieatiou of, ii., 106 t 
establwhed by Universal Agre^; 

ment, ii., 7 * 

more preeariuus than derivative, 

ii., 112* •• 

' in Chemistry, B , 254 
iu lholngy,,ai., 
iu Psychology, ii, 284 
^ ill Politics, ii., 3o8 
ilhymeme, li., 432 , - 

Equality, uniformities of, aa a branch 
of Lo'Jio, li., 9 • * h 

fiquSlity and incqq^itjr one of the 
toree Univeftal Pibdicates, i., 
W3 • •* , 

Equivalence of prop(^tion8,«i., Ijp7 
«£quiiralont term^, as an Vid*to Dia* 

* * covery, ii., 417 * 

Essential att^iSuies, i.,'74, ^ # 

^ predication, in Psychology, ii, 279 
Excluded Middle,iprvicipl^ of, i., I'.l 
Exclusion, Bacon's process of, ii., 404 

* Existence, has no real opposite, 59 

propoaitiOns ot eUiptical,.i., 107^ 


439 , 

EjlisUAce, means Object aud Sul^t 
• indiscriminately, ii*., 390 

Experience, the suuif o plb knowlodgt, 

1.. 5r „ . . • . ' 

theh proof of the Axiom of the 

• ^yllo^m, i., loQ, jS26' 

• the pjjoof of Cajisatiou, i., jUG • 

Exncnmei^t, advantages of, 43 

in Biology, ii., 270 • 

iu Poly ICS, li., 333» , 

Exj^nmeiitol Methods, apply only to. 
Cause aud lOr ■* 

de|lactivo, iu char^«y,iL,47,**15 
explained, ii., 49 ^ 

examples of, ii., 67 * 

• filial ration of, h., 76. 82, 83 

in PsychMogyO* f 28(J ’ 

•in Politics, li., 342, 335 

• • ii^ Medicine, ii., 3()0 « « 

how far anticipated .by Bacon,* 

• ii., 403,40J % .. . • 

• given by Ilorschol, ii*. ‘fltV 

neglected by Who well, li , 412 
Experimenlum crticU, ii.jilSo * 
Explanation of Nature, a joint elfoct 

11.. 11/ 

, intermedia^ links, li., 118 
'llbsuiuptiou of fta’ws, ii., 111^ 
limits of, ii., . * 
fallivcioas, ii., 124 
Extension, i., 60 

fundamental property of llio Object, 

1., 259^ 

Evidence, a.ssortions beyond reach of, 
iunrodiblc, ii., 152 
Historiifd, it., 42{}^ 
sapronie c^noii of, ii.^2> * 
internal and external’, ii, 424 
Jj^o modes of external, ii., 425 
’ transmitted by writing, ii., 425 
transmjtted ora^y, ii., 429 

* I 

AMD Ideas, ii., 411, 415 
Fallacies, AristuteUan and Scholastic, 

1.. .275 « 

Whately’s division, i., 278 

Mill’s classibcatiftu of, ii.,^C9 
; a priori, ii,, 369 • 

of observation, ii.,*370 . 

of gc^eraluation. iiy * 

of raliiAiiuaBoa, ii.,*37l 
of coilfnsioD, ii ,372, 386 
position of, ii., 373 •> 

’extralogicul, ii, 375 
tcnAofciea to, u., 376 
logical, ii., 89*1 _ ♦ 

bnowlodgct tf, aids disoovery, iL 
42? *• . J 

in Politics, ii., 842 ' ' 
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F(Af a source of falla(^, ii-, 3^ • 

doling, tnr6-Bid|d, i.,2 •> 

^eeti/axB, a ^ftree of fallacy, ii., 379 
cuVcr, definition&f, ii.f 361 
Figures, i.^ 136 « -* 

, relative VfAa% of, i., 146 « , 

. reaao^for di^ereut, i., 146* 
FigurcB^ctioniSffallacia, ^.,276 t 
Final Caifbo, ii** 18 
Food, an exan%)le of positiv^j defini* 

• tion, ii.. ISS* 

Fbvee, definitjro of, ii.^ 21 

chief preikic&tes of, ii., 21 
^ Oonsei^ratiou of, i., 21 
Form and Matter, i., 241 
sFomal Logk, tootoarrojv, i., 246 

* vause, ii.f‘18 

thinking explained, i., 242* ' 

•roflufres inductive verihcation^ r., 
^0*. 

Freedom of the wKl,iu., 114, 391 * ^ 

Functidhs of living bodies, ii., 261 * 

Function ^nd Structure viewed sepa¬ 
rately, if., 263 . ^ 

• 

Qgnerai. ^AMK, explained, i., 48 
Oeneraliiy, Nam^ clnosed according 
-V. . to, i., 47 * ' 

'^Wgher and IcweVi-* •*’1 
aegises o£. in I^otions, i., 64 
fixed grades of, in Botany, and in 
Zoology, i., 66 

degrees of, in Propositgj^ns, i., 78 
of* Proposition follows Notion, it, 
•• ?8 

^ as cUCpifyi'ng rVipositioni, i., 78 
; as a Definitiofti, ii., 155 

[ Oeneralixation, identical with Fxpla- 
'’'nation, ii., 116 

the highest ambilion of Sciouce, 
^ii.,,126 •* 

‘approximate, ii., 135 , 

fallacies of, ifi, 371 
excessive tendency to, ii.,‘378 ‘ 

* ^ an art of Discovery, ii., <t0,414 
Gehus and species, mor eablo names, 
• except in Natural Uistory, i-, 
65 • , 

a predicable, i., 78 
Qeonfbtry, notions of, ii.., 202 
‘ i definitions of, ii., 2o4 " . 

■ iM'Inato notions of, ii., 206 ' 

*%xioms of,‘tv, 208 
postulates ckf, p., 209 
order of ^pics in, ii,, 216 *- 
proof of Euclid’s fourth proposition 
• in, ii , 217« 

G]r.riBg lustii^iLVs, ii., 420 
Oqvei'iiiucnt, forma of, n., SIO, 323 


GK>vSmmoUi;, deftnitiqu of, ii.^321 
functions of, ii-^-lfa ^ 

local arid centmc, ii» 32^ * 

defines Public and Friilat&, 

Grades oLgenoralit^x great importance 

«of,Hr.,4l6 . ’ 

*in classification, 188 
Sta^ment of,^n£ted t} ^^Oovery oC ' 
* f. h conconiAtance, i!., 169 ' 

in Miueralogjg ii., 208 
m Botnify,,!!., 304 * 

(in Zoologi', ii.,‘312 
in Diseases, ii., 3G6 *<•* ^ 

Gravi1%', an example of Blypotbesis,* 
• ii., 130 •*“ . « * 

contradiction of, incredible, ii., 149 


Hamilton, adtfitions to syllogism, i., 
178 . < . 

■ Quantification of Predicate, i., 178 
qyllogisiM* in Comprehension criti- 
< cixed, i., ISO 

Health-Disease, indefinable, ii., 31 
H(%t, geheratod by collision, ii., 23 
conservation of, ii., 34 
unprofitable dissipation of, ii., 26 
definition .of, ii., 237 
beads of the science of, ii., 237 
propoaitiouaof, ii., 240 
structural, ^ould be stated che¬ 
mical formula!, ii., 257 
Herechel, contributions to Induction, 
ii., 409 

History,tPhilosopby of, ii., 318 
basis of Politics, li., 331 
'perversions of, ii., 428 
Komonyn^ia, i., 275 
Hypothesis, various meanings of, ii.,' 
128 . 
of fenmvu ageucips desirable, ii., 129 
of a new agent permissible, ii., 131 
' 08 a representative fiction, ii., 132 
differs fi-oni metrical abstrac- 
M tions, ii., 134 
analogical, ii., 147 
in Cheirifstry, ii., 255 
in Biology, 0 ^., 272 
m Pbychi3<ogy, ii, 285 . 
in*Politic8, n., 339, 113 
* in jiled^cine, ij,, 363 
Hypo'4ie^ical iafcrence, i., 116 

Idea and Facts, ii., 4W, 415 
Idotitihcn4iou of a Minot, wiieu 
^ 'cult, i., 2i8 
not an indiictidn, li.,^ 5, 98 
Identity, principle’of, i.,J6 
Idohy, Bivcon’s, ii.',-37S* 
lar'jva RaKo, li.. 452 
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Ignoratvkelenehi, k, 277/H^ 37^,^93 
Immedi^e Infewnce, i., 1^ 

^ by Ad^ed DeCwiinaDts^ i., 109 
iallac id^f, ii,, 
biVef^vf^ropositinus, i., IM 
Hobbe|’s viewfi.^lOO. f * 
not tbejrefer^ce ot somcthftig to 
• a^lass, i., WJ • 
l^oonce^T*b^li^5r of tMl opposibt^ex-, 
pl^ed, kf223 * r • 

' • ^ojectodasaltinRitetGgtof ^ruth 

T, 268 . . • 

Incredibil^y, inconaistdicy »fitA 

* proved^ndoctions, ii., 119 * 

Index, to a cloasiflc^j^on, ii., 194* 

Tti Mineralo)?y, iiT, 300 
in Botany, ii, 308 
in Zoology, ii., 314 
in Disease'?, ii , 367 
Individual, ouP idea of, a conflux of 
generalities, i., 7 . * 

Induction, first principles o^ i., 19 • 
explained, i., 40, ii., 1 • • 

would furnisli Formal proc(^sc 3 , j,, 

j . 2»)2 * 

a urancU of Logie, i.. 253 
iniproporly so called, ii^ 3, 4 * 

cannot be brought undof the syllo* 
gism, ii., 3 

a pn‘requisite of doduftion, ii.^96 
iu di^ronce of subject, li., 141 
postulate of, i., 272 , 

fallacies of, ii., 395 
growth of, ii., 403 ’ 

Inductive, Discovery, ii., 96 
Methods an aid to Discovery, ii.# 
418 • • 

^ Syllogism, ii., 3 • 

Infimso species, i., 63 
^nflammatioD,^defi 1 fH:ion of, ii., 353 
[nterpiixtute of EfWts, ii., ^ 
in Politics, ij», 335 
. in Medicine, ii., IJfil 
[nt^rnationol law, ii., 318 * 

Intuition, an alleged soyre^of kn§w. 
ledge, i., 10 

Lntuitiye—BjHibolicul, ii., A32 
EttVeiftion, how assist,^,*421 

^ • • • . • • 

loiNT Method “of Agreement "Wtid 

Difference, ii., tff • • 

caun teractive to pFuralif^ofcause.^ 

• ii., 80 * 

ia Politics, ii.^336 • 

in Medicine, ii., 361 
an aid to Disooveiy, ii« 418 
Tudgment, formal, i., 243 


* as a synoiymr nnoposition, i.* 
sigiiificaneo wiin Aristgtic, i.,* 


80 


JiyispAdeuce, ii., 313 

Knowleo(^b, the ao# o{,«ucladea al! 
ways two. things, i , 3 • • 

con^ins Af^eomeut^aiid DifTerence, 

•• of t^ kinds, called Ob^t aud 
^ Subjpet, i, 5 • *1 

Individual or Concrete, irti^ General 
or Abstract, i.p5, 22 
oyj^in of in Eipeneuce, i., 9^ , 

limited by our st^silgSties, i., 13, • 
nature and classilicat^n^ol, i., 21 
should be true, i., 22 " 
conveyed in propositions, i., 4-11 
•relativity of appe^'^s in language, i, 
64 ^ ‘ ^ . 

Kinds, i.,d)3 

SMernplify co>iuIiering attriHites, ,ii., 

* .. ' ’ 

AANQUAnE, truths expressed u, i., 12 
fallacies of, ii., 386 

Law, confused meaniugs orf,"!., 246,^1., 

* •m 

metaphorical use in ‘Jjaws of Na- 
, turo,’ ii., J ^ * • 

invflved in Govern'^nont^ li., 324 ^ 

combined with (^kiu(;c, li., 89 J 
Laws of Nature, by preeiiiiueuca, iiJ| 9 
Liberty, ii., 320 • • 

Life, definition of, ii., 218 
JLight, undulu^ry theory of, ii., 131 
•ommutatibn of not established, iu, 
28 

pruductign of, an of Agr(?e- 

tnent, ii.,6G . , ^ ‘^. 

'definition and subsidiary notiotfs of, *> 
_ 238 

IliEbnoss and Unlikouess, common to 
sulqcct and object experience, 

1., 257* .. . 

Lojx', a source of fallacy, ii., 362 

kfAHGiNi^oubtful, in definition,li., 160. 
Mutheinatics, ^ogic of, ii., 199 _»'* 

the best example of a Deductive ’ 

• Science, i , 249, ii., 199 
Dotieus of, ii., 200* 

, propoiptioDS off li., 202 . ' 

dcfinitk/ns oj', ik, 20o 
axiom.! of, ii., 207 
leading branches of, li., 212 
Mdteria Meduo, u., 351 , 

Jletbrjl, expresses parCot the function 
or Loaic, i., 36 • 

air aid to Discovery, ii., 417 
Mind, 8uh|ta>*^d of, i., 262 
dcfinitioui|.ot, ii., 275 * 
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Naq|(?s, lo^«iy extended, ti.*173 • 
transitive applicatiDn of, i^ 173 
cRiss, 179 0 

of geuerahtiesnbooldJv ehor^ ii. 
180 

6ew, if,^80^. 

g prdbautions in appropftatiug old 
ii., 162^^ •• • • ^ 

essive, 184 • • » , • 

erent, neld to*imply difieren 
thijjgs, if„ 388 , » , ■ 

in^ropertaso of, ii., 390 
Karaing. General,, value ol^i^ 171 
lirst\eqaisite of, ii., 13^ jt ^ 
dicond requisite of,ii., 177 


Iwer 


Mlad, difficult to estimate Aantity 
in, 287 . . : 

ftiad aad ^dy,*ii., 127, 146,^6 
^fciaeralogy, Scope 292 
relations to CJicmistry, ii., 29i 
arrangeintnt of chametora in, i^, 

293^ . . .. r •• 

roaxifjhtn of affinity in, p., 294 
gradc^if, ii., 298 

. jagreement ajiO$ difference m, ii., 299 
index for, ii* 300 
Ujjbteriiu Caiaq, li.* 18 
Material, na^s of, singular, 48 
Matter, os Uosistance, i., 259 
, deiioefl by positive method, ii., 161 
by negative method, ii., 16^ • 

^qtftitu^n* of^ a hypothesis, ii., 

• 183 . . 

I^orc^ Inertia the same factj^ii.p2^5 
ph^ic:^propertio8 of, ii., 234 
Mjahan^s, ii., 2dj) ^ • 

M cdiciue, shope of, li., 346 • 

based ou lUology, ii., 347 
definitioms of diseases in, ii., 351 
general diseases in, ii., 349, 851* •. 

specific disgases in, ii ? 356 
prop<ysftion8 0 ^ ii., 3B8 
experimental ffiefhods in, ii, foJ 
i elimination pf aUance in, ii., 362 
K;boideductive method in, q., 362 
hypethelbs in, ii., 363 
ohissifioatioh in, ii., 866 
Minor, identification of, not an in-, 

^ • ductiou, ii., 6 *• , 

Miiompnica, i., 147 
Modals, i., 99 ; ii„ 432 •% 

Molar #f)rc&, conservation of, ij., 22 
Molecular attractions, ii., 234 
Mol^ular forces, enumeratcd,*ijL 24 
Motion, laws of, reduced to 01 ^*?., 

■*228 . , 

]iIona'('hy, examfile of positive defi¬ 
nition, fi., 157 

MOods, i., 138 f * 

usual enumerations justifigd, i , loS 
Ma.scolar Irritabilit y and Putrefaction, 
an igductioii,*ii, To 

Mystery, ii., 126 • « Object, 

, ' • attributes jpuciol to, i., 2i60 

Name^ why considered at bpgixmingJ OWftct-Subject,* higV':jt nud couple 


Nature, explauauon of, ii., 116 * 
ambiguity of the word, ii., 386 
Negation, variously expressed, i., 63 
Negative names, i., 65 
singular or plural, ijf B7 

• of a real property also real, i., 68 
Necessary Truth, i., 14 
Nicessity, meanings of—certainty, i 

. ^0 

implicatiSn, i,, 221 ^ 

inconceivability of the opposite 

I* *■’ .. 4 

Nerve forcer conservation of, ii., 28 
Newton, contributions to Induction, 

• “•» 40% .. 

Noiuoiiclature, ii., 182, 184 • 

of Cliemistry, ii., 256 
Non cansa 'pro causa, i., 277 
fNon seimitur, i., 277 
North *East wind, an exainxde o 

• Agreement, ii., 53 * 

Nota not(E est not a rei ipsius, i., 166 
'Notation, of Chemistry, ii., 2.57 ^ 

Notion and Proposition, not distin 

guished by*<Vhe*vell, ii., 412 
Notions, contrastSd with Froposiliona 

disguised as propositions, i., 66 
of siu^lar or plural constitution 
f i,qa 

indefinable, ultimate,.ii., 168 


of TiOgic? L, 46 
defined, i., 46 • 

' denote things not idea^ of things, i., 
' 46 J 

variously classified, i., 47 ^ , , 

De Morgan’s divisions of, 
go ii. couple^ i., fi4« t ^ 

^ nka&ii^ uf increasfa 4vitti opposite. 


i.f 69 # r? 
grea1%st^)£flil''ftnfatheses, i., 266 

* attribntee commdh to, i., 257 
Observation, nhy n^t'a department o 

^ , Uogic, io 36 * 

* the basi^ of lAdwctioa, ii./4 
compared with Experiment i> 1 4S 
ifi Biology, ii., 270, 

in VnlHii'A. 11. Ml 
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OU^err^oni erjpieou.«i,^aM8cs of, ii., 

8% M 

fallacies^af, • • • 

art^ DiscoWry, ii.f 414 
Oppositiofi, of pro^sitions, i., 92 
error in comm4p s«^*re,*i.t 9^^ 
uiucD(lod%qaare,«i., 97 , 

■ •.nistStle’s i^i^ulr#, ^ 9S 
Obtersioif, i ,10^ ' 

,• material, 1 ., I] 1 • • 

, Ord%i^vali]«ble aid to I)i3#ove|y?, ii., 
41 / ^ m 

Order al^Piogresi?* ii . 32o,^40 
i 0\.yi|fen,^feinplary description §f, ii^ 
• . 249 •#* • 

Parity of Reasoning, ii, 6 
Pathology, general. ii.,*349 
Per genus ct di,f^rentiam, ii., 155, ICC 
Peraisteuci) of xovee, see Cousorva* 
tion. *% 

Peiitio Pnncipii, i., 277, ii-, 872, 39^ 
►I’Lysica, Molar, (liiisuai* ot, abstriiel 


^22 


and concreti’. n 
■otious of, ii , 222 , 

proposition.s ot, ii., 224 
4letimtioiis of, 11 ., 22^^ ‘ 

axioms of (law s of motion), ii., 22S 
concatenation and method of, ii-. 


232 

“ “Rr 


#• 


Ph\ sics, Moleculai, dcpnrtmouta of> ii 
233 

notions of, ii., 234 
propositions of, ii , 239 
^predominant mclUods of, ii*, 242 
Plants and Animals contrasted,!!., 26} 
Pinto's dialogues, how authenticated,* 
• li., 42u " 


,16 • 

uniformity, ii., 
Experimental 


Plurality of Cause 
how far ^ulfloet 

* 16 - K 

boarhig of, off the 
Methods, ii, 7? 
i» Polities, ii, 335 
in Mediciqe, li., 361 • ' - 
Planum Iniefrogationunt, if }78 
I’plitij.il Economy, * 

Kolitics, two d^vision^ of,*iiJf 317 
cmbraices^BevCTal 8ci^i«?a. in. 819.' 
province of, ii^l9^ 

Descriptive, ii, 320- * 
Thetuetical, dcfkied, it-, 326 
* propositiou8«of, ii., 3j® 

uLiversal propQ^tioua of, ti.,^29 
limited prmioiith^fof, iii, 830 » 
methods of, ii.,^33T • * 

experiment m, ii.; 333 ^ 

cuusatiof iii, ti., ti34 
Bicilidd of R^cjtnant inf ii., 333, 


Pelitics, Theoretical, otjiier ex]Ari> 

* Denial niefchoi^ in, ii., 83G • 

•dedufkio method 837,', 

lu'potho.sejPiM, if., 339 
simpllfyil^ uf. ii.f3*40 .• 

,• fallacious inothods^if ii ^3t2 
‘ Practfbal, End in, ii., 813 ^ 

diascil 1t)u Theoretioul Poluies, ii., 
SU ♦• * ' 

origio of politiAladevices in. iii. 
.315 . • * 

Porphyry’s tree, ii., '138* •• * 

Positivw names, i., 55 ^ • 

Post hoc ergo 'propter hoc, i., £77* 
Postulate, the universal, i., 266 
l^terflial onc^y, 211 • • _ ’ • 

an a.sjieet of Ciab'cntifti, ii.,‘3l* 
Practice,logic of, in, 315 
^ffnxkns ot, in Pohlics, ii , 915^ • 
Piedesignatc, 1 )., 433 
I’lvdicablo.s, i., 73» * • 

fiedication, verbal, i., 76 
confounded with real, i^68 
^ plural notions, i., (S) 

** in Natural Kinds, i., 69 
verbal not tautological i.,*7tf 
fie^ anal}.sii .f, i.j^2 
Predifates, three upivorsaS, i., 10: 

Mr. Mill’s schonie*of/i, 106 
Proiiii&ea7i., 135 , * 

Prerogidne liistances pf. Bacon, ii., 
401 

J.presciitat.i\e,wid Repi Gacntativeni., 7, 
“ • 242 

Piiniarv qualities of matter, i., €50 
Probable iRtcrencOjkiljilaipcd^'p 13 
. may bo csttmnted, i)./^36 • 

hoiv made more precise, li , 138 
Pjul'jknlity, li., 90 • 

explained, ii., 91 
principle .f, ii., 91.’ 
lules uf, ii.* 92 

apidicd to Causation,^!., 94 ' 
an Dpprihiiinate gouerolizatioii, iu. 

• 136 • 

comparisun o4, ii.#I51 
in Biology, ii., 271 

• in P.s}iliology li., 286. 
ambiguity, of, the word, ii., 

4^rogres#imd Oj;der, li^ 326, 8' 

Pi out or J^idence? the scope of Lo 

i.,|34; ii., 49 t , 

Proposition, ft, coiit(iin8»fwo namec, 
and two uotiouSj^i. f44.C2 . 

• Tcrbi^'f., 67 
Propositions, i., 78 
PropHum, i-i^V 

esemplitkid in sfhtheBio^ics, if?,'206 
PMchofog),%coi}e of, ii.. 275 


Cm 



a44 


I«DKX. 


Psjfvlioloffy, subordinate notiong ef, 

< . I..' _ • 

^ proposition^of, ii., 2/9 • 
logical laetbijd# of, it., 281 ^ 

empirioiil andsiorivatu^ laws in, ii., 

. • V 

~ bypowfesos in,.ii.,^5 * 

cbani^aijd probability iif, ii., 2in 
auggosffng arts of Discover", ii.,415 
■ & Concrete S%i?nce P i, 23i 

of frtipositionB, Affirmative 
or N^rf.ive, i.. 83 • 

, au<uef<ulicable distinction, i., 83 
" designatiuns of, i., 84 
^Qli%utificnti(Mi ef ^rodic^to, i. 8(1 
' • makes fwo propositions in one, i., 
88 . • • 

, * 011/11110118 to syllogism, basin of? 

'Qiianti^lPoS Prdflonitiona, Total or 
Piirtial. i., 81 • 

Uuivor^l and Particular, inapt 
natfles i., 82 ^ 

Indefinite, i.. 82 • 

one o{ i.ho*tbreo Universal Predi' 
^ cates, ii.,- 1^3 • . • 

k common t4 Obje^ and Subjen ex 
I perience; i.,*z57 
Bubmct-ngitter of MatUenAtioa, ii., 

TlX) .. 

designations of. i., 81 
KciQpces of, Dodnetivet i., 103 
iiaiformitic^ of, as a branch of Logic, 

• n., 9 - 

• J *• 

, 71a.tk)cinaVon, fallaofbs of, ii., 871 < 
Iloalistn, i.. 5 • 

falmcy of, ii., 889 * ^ 

Heasoning, used in defining Logic i. 

3(¥ *• • 

•found/jd on Similarity.^, 8, ii., 140 
from partieftara to particulars.* i., 
209* # • • 

chain of, reducible to a Series of 

* syllogisms p, 21£ 

. causes t>f, complicated, i., 217 
.«formal, i*. 243 r _ * 

iteduetto ad impossibile, i., 141. 
Redilction, «, lf;7 • » * 

, Rektivity, law of, i.* 2 ^ 

*, Iwimos classed accordiug to, i.. 54 
•inivorsal.'ii Cl * , 

* a8.affectinf| !^^')tioDs, i. 66 

as classifying Propo3itionsf"k,<78 • 
as a l^asis of Definition, ii., 155 ^ 
baeis of an eeumoc^t^ of tbiugs, 

# , 254 • ' • • 


BclUivity <!>t Prop(^3ition fol^ws 
« _ tion, L, 79 Vf,' . 

Relative 'fbrms, / jr 8poci{!l relatioHi^ 
sbi^s, i., Ctr * 

names^i, 65 ■' 

Reprc^enlativ^l'ictiOns. ii.^ 132 

• m Medicine, ia, 364 * , 

Residues, MetU^l^it. ii-, 49,,6S 

• • t PolitidB, 11 -, 33®, • 

an aid to Discovery, ii., 418 , 

Besiqjfinc#, 239 * ^ ' 

^urouiMK f kmpeAament, s^bui^ >. 

rfallacy, ii.. 3§1 ' ‘‘ 

Science, tlie pert^st form of Ki»ov** 
ledgo^ i., 23 

characteristics of, i., 23 
problem of, ai conceived by Whew 
ii, 411 « 

Sciences, classified, i, 25 
Abstrac^fJlnd Concrete, i., 25 
Vl>3tract, i., 25 
Coucrete. i.. 28 
Practfcal i.*28 

, defined, ii., 315 • 

Ola'ssificatiou of, Bacon, i„ 229 

• D’Alenjiort. i., 2-30 f ^ 

Encyclopedia Motropolitana, L. 

230 

Neil Arfi8U, i., 231 
•Corato. i.. 231 

• Herbert Spencer, i- 232 
criticism of Spencer’s scheme, i., 

230 

Secondary qualities of in.itter, i., 259 

• Laws, importance of, ii, 102 
Self-interest, a source of fallacy, ii, 

3^0 

Series, Classificatvjn bj^, ii-, 65 
Serial order, in classification, ii., 187 
Similarity, law ojj, i,, 3 
the foundation of ’Reasoning, i, 8 j 
ii.fl40 r 

basis of scientific explanation, ii, 
' 116 

^exteir'kwn of names tbiongb, ii, 172, 
175' 



Smiling, 

* t^el" ^rb’^ed, ii, 67 
Society, notion o*, ii , 317 • 

structure of. ii .. 320 * 

Solid'drilled by positiT-e method, ii., 

' ” % 

*by negatfvo nfetbod, Ii., 163 

SopJ^isma Heter<lzetcs>:o.<, ii., 433 • 

ihgrum, ii., 452, 
fJ'myzetiscos, ii., 4-33 . 
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'iftiies, l^r heap, IUU, 4 ft: 5 ;s 
opace, VI absti-action, i., M. 



iclalaificatioD, 

n,l90 ^ , 

injimat u- 101^* * 

I 

* ,1 Botany, w, 30^) w 

,Jl Zoolo;?y, li^ 312 • m w* 

Stati^ics, Politio.il, il*, 319,333^ 
Medical, u , 30*2 

'tructiuo of Li\ii'‘j Bodi#, li, 2C0# 

• 9pS ction viewed scpafately, ii -1 

'yftject, oxplainotl; T, 257 
attributes spooiul to, i', 261 
,' ibjeet-Ohject, hiirliogt real couple, i., 
59 

greatest of aiH antitliesia, i., 255 
attributes, common to.j^ 257 _ • 

bstance, a supposed inWtion, i.^11 
fundamental nttnbutt^ i., 262 « 
‘uccossion, oue of the throe Universal 

^ Predicates, i, 1^5 ' i* 

as Order in Time, i, 105 \ 

M Cause and Etl'oct, the chief pa^ 

, of Induction, i , l»ltf * 
Sufficient Reason, li ,^370, 433 
Sunij)4io7i nnif, Hnhsuv^Uon, i., 146 
^yllo^sra, defined, i, io3 • 
examples of, i., 165 " 

additions to by Hamilton, i, 178 * 
by de Mnrffaii, i., 182 ■** 

by Boole. 1 . 190 • 

♦Iiimencally Definite, i, 188 
function#! and \aliio of, i., 207 • 

, how far a material procesg, i., 211* 
axiom of, reiK>,-’es on experieneo, i., 
226 

' an aid Disco vary, ii., 419 
or tho Will, yjicaliiugless. ii.. 146 
Symnathv, a source of fallacies, ii-T^ 

• 380 • • 

Symbolical—Intuitive, 432 ^ 

Symbols, of.ProposIlifms,*!., 86 
Sjrnonymoi* PrupositionSj^l.Jl 123 ^ 
Syilbayras, definitiom Ijjf ii., 166 

as an aid 1» Diso®v£ry,« ,417 , 

Synthesii^t ChogiicaU ii . 807 • * 

Ungical. ii., 309 a| 


Synthi^o judgment* i..* 76 » 


TjCuui.xfiON, as 311 

N. 

as 


V, as 311 ^dex* Classificiw 

tioufii.,300, 3C7** • • 

aid to Bi.seofery, ii. “ 


420' 


Tabular arra<[vement.aBaoon's. ii., 40t 
lArminalogy, do 8 cripti^*ii.*. 177 
^Terms, 8 f syllogism, y . 134 ,* 

Thdhipeulfcs. general ii.. 3^* 

Things,fnnmoration of, L.*3I4 
Mr. AiaVs ouumoi^tvn of. i., 263 * 
Thofeglit, Laws ot 0 i, 16 243 ^ • 

dotlnilion of 30 

too limited to inailea Universal 
Postulate i., 267 « • 

Time, aa abstraction, li^^lO '•* 

Tradttion, orjl, vajjie «f,«ii, 43P •. % 

approaching to writtAi evideflee, • 
. • ii.r43l^ 

l^thir, known immediately 

known by tho mediation ofxithei* 
^ truths, i, 32» • # • 

Ultimatk Lvws opN^tubb, lirajtod 
jjp in number ii . 123* 
nJnitorinity ^f Nature supposed in 
Deduction, i., 19* • 

Ai^rs into Tkuor^ical Loj^io, i» 247 
thff ultimate n^or pqemise 3f " 
Induction, **273 » 

a plurality not a unity, j^., 8 ^ * 

axiom of, fundameut^ i . 2^7 
Uniformities among ollecta of same 
eausj^sii., 105 

limited in application, ii., lit il 2 
of remote cansai connexion*ii., 10 ^ 
Univorso.w a teriA^<., 6 d ‘ , 

■ ^ ^ * 

Vanh;y, a source of fallacies^ ii., 388 
^.^.imtion of circumstancos, u.,*43 
Verification, ii., lUO 
in Polities, ii., 33f^ 

PercB Causdiii., 129 
# 

WitEWEti, contr^utions *10 ItidUo* 

I tibn, ii., 411 * 

Wonder, a source f f fallacy, li., 88 !^ 
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Aulgicai, 11., o'aif 

d«es not apply to SKinplA Dfdifction, 


3 not apply to SK 
u,400 •/ 

Grammaticstl, ji/ 4 
MathematTcal, u-, 


4C^ 

•^1 


JZOOLOGY, difficulti%i of, it., 308 * ’ 

arrangement of charariters in, ii., 308 
laws^Ooi^mitagcein, if, 809. 
maxyputii of affinity in, ii., 310 
grades in, ii.. 312 'M 

.agreement and differytfce in, if., jffS 
index in, ii., 314 
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F.-A]^ALY§rTS AND'SYNTHBsJE.* 


General idea Anal^s, ... - • 

rhettai^l Analysis a^ iSynihosisf^^ i • . 

liOgic^ Analysis* aubstunti^Uy tnefirame >a^ GenoraUzatfen, 
'CoiiTesponding Sj^thesid:, . . . 

Analysis as signifying Indfiction; S^t^sis as fredubtisr^ 
Specinl case ftfWathematK&l Analysis aili Synthesfc, . • 

* G^-G^OWTH OF THE l^QfO 0]|*IlfDUCTION. ^ 

Ba^n. flil^Tables of Arrangement of Facts. Process of 

elusion. Prerogative Iqistancei, . . . 

Nswton, of Philosophizing, .... 

Di%ourA on the Study of Natural Philosophy^ . 
Whkwbll. Explication* of Conceptions, and C&lligation of 
• ^ C'acts. Metbdds in the fthnation of Science, . ^ . 

. •• ^ ^ H —ART £>F DISCOVpiY. 

DistiitcuoS betwe *n,Proof and Discovery, . , . 

Arts of Observing,'* . . * ! . . 

Psychologfcul aids to DiscoverY, . c. . * .. . • 


The^induclirejcheme as an ^*to Discovery, 
i^i'he DeduSftive ygeration, in ils material aspect, is % generalizing 
1 procG&ftj ■ ^ * 

I^e Procoases coining under Definition nfinister directly to Dia>, 
^ covery, . . . *. . . , 

liiscoveries of concomitance through Tabulation, 

ExjitQple from Darwin.* The suggesfJon of j^e doctrine of Devo* 
^lopmlnt, ....... 

Anplvtjo separation genfilhlly, . ^ . 

' Invinflon^ the Arts.* Parallel ca^ of Geometrical coustructiofis, 

• I.-HISrpRICAL EVIDENCE. 

Requisites to th^ proof of a historical fact, . c , . 

Supreme canoii-*r-All tc^imony must-be confeinj^orary,* y 
Application Roman'history, . * . 

Transmission of. Evidence. First, by writfbg. S§sfe-keeping 
. and authratication ^f documents/* The„r.jnjrover8y as to 

the Platonic l^ialogues, . . ^ ^ , ... 

Bqcurity, agpinsc spunous additions or omissmcM,^ . * . 

* Intentional perjtersion or 8uppres6it.n, . • . 

* Mythical History, . . . **,*•**• 

Transfiussiun ^y Ora^Tra^kion. Itb wcii^no.B8 aiyiits contiriac* 

lions, \ <1 . 

K%-EXPLANATION QF SbME LOGIOaX T^JRMS- 

' Argumenli,*CategoreinatiO| Dictum, Enthynfe^e, Ignlva Ratio^ 
Intuitive—^Symbolical'” ModdlSj^Porphyr^y’s Trc*, Simple 

• Apprehensiox^Suffloiont Reason, Sophisma Polyzeteseos, 

^bt^rozetesens. 








